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PREFACE 


The purpose of this report is to present final engineering documentation 
for work completed under NASA Contract No. NAS5-20601. 

The scope of work directed by the contract included the delivery of 44 
5K70SK amplifier klystrons and 26 remote tuning units with demonstrated perfor- 
mance governed by NASA Specification No. 73-15029. Spare parts were supplied 
as directed by the contract. 

With one exception, the 5K70SK klystron and tuner met or exceeded the 
requirements of Specification No. 73-15029. 10, 000-cycle tuning capability was 
not demonstrated. Because of system restraints on interchangeability, no recom- 
mendations on design change can be made at this time. 

One design change was made to facilitate broadband tuning under test 
conditions. 

The program was undertaken by Varian Associates, Inc. , Palo Alto, Calif- 
ornia, and directed by Mr. Art Goldfinger of Yarian. 

Technical supervision and direction from NASA Goddard Space Flight 
Center was administered by Mr. Howard Kingman of NASA. 
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1. INTRODUCTION 


1.1 BACKGROUND INFORMATION 

Early in 1965 Eitel-McCullough, Inc., (now the Eimac Division of Variant 
Associates, Inc.) developed the 5K70SG amplifier klystron for use in the unified 
S-band communications system. The 5K70SG was to provide communications lor 
the Apollo moon exploration program. Bandwidth requirements (10 MHz, 3 dR) 
imposed on the 5K70SG were then modest and easily achieved, and from 1965 to 
date the 5K70SG has demonstrated creditable field performance. 

In 1971, system requirements indicated that an amplifier with 22 MHz, 

1 dB bandwidth would be extremely useful, if not mandatory, in supporting various 
lunar missions separated infrequency by 17 MHz. The 5K70SG requires field tuning 
to accommodate tills frequency span. A development contract, NAS5-20307, was 
awarded to Varian to modify the 5K70SG to provide the desired 22 MHz bandwidth. 
The work was successfully completed in a five-month period, and a modified tube 
was delivered. The type designation for the new klystron was 5K70SG-WB. This 
klystron was both physically and electrically interchangeable with the 5K70SG. 

In 1972, because of expanded system requirements and the need for more 
sophisticated tuning methods, a new contract was awarded Collins Radio of DaHas, 
Texas (NAS5-20375) to provide the necessary system upgrading. The project be- 
came a joint effort involving Collins Radio, Varian, and the Summit Engineering 
Corporation of Bozeman, Montana. 

The purpose of the project was to provide a klystron amplifier-timer 
package that would: 

1. Extend the existing band coverage, 2090 MHz - 2120 MHz, to a new 
band covering 2025 - 2120. 

2. Provide a 22 MHz, 1 dB bandpass at any place within the extended 

range. 


3. Provide the 22 MHz, 1 dB bandpass by means of a pushbutton 
activated, remotely controlled tuning* device. 

The new klystron amplifier was to be directly interchangeable both elec- 
trically and mechanically with the 5K70SG, and the remote control timing* device 
compatible with the 5K7GSG focusing magnet. 

All tasks were successfully completed in early 1974 with the delivery of 
one retrofit transmitter. The new Idystron amplifier designation was 5K70SK; 
the remote tuning* unit was Summit Engineering Corporation's Model S191A step 
tuner. It was this development work which led to the present contract. 


1.2 PRESENT PROGRAM OUTLINED 

The primary and major effort of this program was the production and 
delivery of 44 amplifier klystrons, 26 remote timing units, and appropriate spare 
parts to service the tuning* units. Several additional tasks were completed during 
the report period along with normal engineering and production tests. The following 
detailed discussion of the prog*ram includes the items listed below: 


1. Electrical and mechanical specifications 

2. Results of cavity tuner cycling tests 

3. Results of engineering tests (DVT) 

4. Design change to meet specification 

5. Installation procedure 

6 . Operating and tuning procedures 

7. A reliability analysis of the amplifier Idystron 


2. ELECTRICAL AND MECHANICAL SPECIFICATIONS 

The electrical and mechanical performance specifications given for the 
5K70SK amplifier klystron and remote tuning units are outlined below. 

2,1 BROADBAND KLYSTRON - ELECTRICAL 

2.1.1 Tuning Range 

The tube shall tune from a center frequency of 2031 MHz to 

2116 MHz. 

2.1.2 Bandwidth 

The instantaneous bandwidth shall be 20 MHz minimum to the 
1 dB points and shall decrease monotonically outside of the band to the point of 
minimum gain. 

2.1.3 Bandpass Ripple 

Maximum ripple in the bandpass shall not exceed + 0.5 dB. The 
bandpass characteristics shall vary smoothly over the bandpass without discon- 
tinuities, Maximum gain slope shall not exceed 0.5 dB/MKz. 

2.1.4 Power Output 

Shall be variable from 1 kW to a minimum saturated power output 
of 24 kW. Requirements of 2. 1.2 and 2. 1,3 shall be met over the power output 
range without retiming. 

2.1.5 Gain 

Minimum gain shall be 45 dB across the bandpass. 
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2.1.6 Load VSWR 


The tube shall meet all performance specifications operating 
into a load with a VSWR up to 1. 1:1. 

2.1.7 Input VSWR 

The tube shall meet all performance specifications with a source 
input VSWR up to 1. 1:1. 

2.1.8 Random AM Noise 

Random AM noise shall be at least 60 dB below carrier output level. 

2.1.9 Spurious Output 

All spurious output signals (excluding harmonics and AM spectral 
lines) shall be 85 dB below the carrier output reference level. 

2. 1. 10 Linearity 

With a 2 kW level output produced by each of two separate simultan- 
eous tones, separated in frequency by 1.5 MHz to 24 MHz, all inter modulation 
products shall be at least 30 dB below the 2 kW reference level. 

2. 1. 11 Output Power Stability 

Power variation over a 24 hour period shall bo less than + 0. 2 dB. 

2. 1. 12 Warmup Time 

The maximum time from initial turn-on to power output shall be 
five (5) minutes. 
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2. 1, 13 Efficiency 


Minimum efficiency shall be 37% at 24 kW output, 17% at 12 kW 
output, and 1. 5% at the 1. 2 kW level. 

2. 1. 14 Filament Supply 

Filament power requirements shall not exceed 7.5 Vdc at 13 A. 

2.1.15 Vac -Ion Pump 

A Vaclon® pump shall be incorporated as an integral part of the 
Idystron for maintaining and determining the vacuum integrity. 

2. 1. 16 Electromagnet Focus Supply 

The maximum power requirement for the Varian H-T93 focus mag- 
net supply shall be 200 Vdc at 25 A. 

2. 1. 17 Beam Voltage 

The maximum beam voltage requirement shall not exceed 22 kVde. 

2.1.18 Beam Current 

The maximum beam current shall not exceed 2.78 amperes. 

2.2 REMOTE TUNER - ELECTRICAL 

2.2.1 Input Power 

Input voltage shall be 115 Vac ±10%, 60 Hz. Total input power 
shall be 350 W or less. 

2.2.2 Interlock 

Provisions shall be made to prevent drive power from being applied 
to the tube during the tuning cycle. An indicator shall be. provided to indicate tuning- 
in process. 
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2*2,3 Controls 


Pushbutton controls shall be provided for six channels. The push- 
button actuated will remain lighted to indicate the channel selected. A set of 
preset selection switches shall be provided for presetting the tuning position of 
each cavity for each of the six channels. 

2.2.4 Remote Control 

Provision shall be made to permit tuning via momentary dry con- 
tact closures (either manual or computer controlled) originating at locations up 
to 500 feet away. 

2.2.5 Configuration 

The remote tuner shall be a digital positioning device. "Standard" 
off-the-shelf modules and components will be used where possible, and all inte- 
grated circuits and transistors shall plug into standard sockets for ease of replace- 
ment. All components shall be adequately identified on the circuit cards so they 
may be easily located on the system schematics* 

2.2.6 Tuning Time 

Maximum tuning time shall be GO seconds. 

2.2.7 Setup 

For purposes of initial setup. Hie numbers acquired from the timing 
shaft turns indicators by manually tuning the klystron for a passband characteristic 
within the specifications paragraphs 2. 1.1 through 2, l, 3, will provide the same pass 
band within specifications in the automatic mode when these numbers arc transferred 
to the present switches of the automatic tuner. 
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2,2,8 Retrievability 


Numbers characteristic of a particular passband will provide that 
passband repeatedly via the automatic tuner when entered into the present switches. 

2.2.9 Memory 

It will not be required to actuate the automatic tuner, nor will the 
automatic tuner automatically actuate when the system is first turjhed on to Achieve 

j 

the passband to which the system was tuned when it was last operated. 

2. 3 BROADBAND KLYSTRON - MECHANICAL 

_ _r / 

2.3.1 Operating Position 

The tube and tuner shall be operated ill any spatial orientation with- 
out degradation of its operational characteristics. 

2.3.2 Input RF Connector 

The rf input connector shall be Type N. 

2.3.3 Output RF Coupling 

The output rf coupling shall be UG435A/U flange. 

2.3.4 Cooling 

i 

The cathode shall be forced-air cooled and the body and collector 
\ 

shall be cooled with water of a 50/50 solution of water and ethylene glycol. Coolant 
flow rates, pressure drops, and connections shall be compatible with the existing 
power amplifier system, which uses a Varian 5K70SG klystron. 
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2.3.5 Tuning Life 


The timing mechanism of the klystron and tuner will have a demon- 
strated life expectancy to permit in excess of 10,000 tuning cycles between extre- 
mities of the tuning range while meeting all specifications described herein. 
Provisions shall be made for manual tuning in case of tuner failure. 

2.3.6 Configuration 

All critical mechanical features which involve tube interchangea- 
bility, such as exterior dimensions and interface connections,- shall be identical 
to the Varian 5K70SC to permit a direct interchange of the tubes. Other items 
which do not affect direct interchangeability may vary. 

2.3.7 Operational Environment 

The tube and timer will operate without degradation in performance 
in an ambient temperature range from 0° F to +120° F. 

2.4 REMOTE TUNER - MECHANICAL 

2.4.1 Tuner Assembly Size 

The tuner assembly maximum dimensions shall not exceed 14” 
high by 14 ,T wide and shall not extend more than 15" from the center line of the 
magnet toward the front of the cabinet. The configuration must provide easy 
accessibility to the coupling shafts between the tuner and tube for convenient align- 
ment and hookup of the tube and tuner assembly, 

2.4.2 Tuner Power Supply 

An external power supply may be furnished if the supply will mount 
conveniently within the present USB power amplifier cabinet without required modi- 
fications or interference with existing components. Dimensions of the power supply 
shall not exceed 13 ,T deep by 6" high by 8 M wide. The power connection to the power 
supply will be on the 6" by 8 ,T face. 


2.4,3 Interface 


The tuner assembly shall bolt directly to the V arian H-193 magnet 
assembly using the existing bolt hole patterns for the magnet. No modifications 
will be required either to the magnet assembly or the tuner assembly to effect 
this interface except for the possibility of using longer fasteners which will be 
supplied with the tuner. 

2.5 SPECIFICATION SHEET, 5K70SK 

A specification sheet is included as Figure 2-1. 
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5K70SK 

, April 12, 1977 

SPECIFICATION 

ELECTRON TUBE TYPE 5K70SK 

DESCRIPTION: Wide Band, CW Klystron Amplifier, Five Integral Cavities, Magnetically Focused, 

Liquid and Forced Air Cooled Unipotential Cathode, 2025 - 2120 MHz 


RATING: Absolute Maximum, Note 1: 

VSWR 


Parameter: 

Unit: 

Ef 

Vac 

Eb 

kVdc 

lb 

Adc 

Iby 

mAdc 

Pool 

•kW 

Load 

tk 

sec(min) 

Cooling 

Altitude 

Ft 

CW (FM): 

7.5±5% 

22 

3.2 

75 

70 

1.5:1 

300 - 

Note 3 

15 K 


Note 2 

TEST 


CONDITIONS: 7.5 22 (max) 

1.1:1 (max) 

300 

Note 3 

— 

MOUNTING POSITION: 

Any 

ELECTRICAL CONNECTIONS: 

Note 12 

WEIGHT (Approximate): 

100 pounds 





GENERAL 









Limits 


Ref Test 

Conditions 

Symbol 

Min 

Max 

Units 

[D-30(b)] Dimensions 

Per Outline Drawing 



— 


QUALIFICATION (Notes 4 and 5) 

QUALITY CONFORMANCE INSPECTION, PART I (Note 9) 





Heater Current 


If: 

9.5 

13 

Aac 

Pressure Drop 

Water Flow: 

Pres: 

— 

65 

psi 


Body Section = 1. 2 gpm 
Collector - 18. 5 gpni 

Pres: 


40 

psi 

Static Pressure 

Note 6 

Pres: 

— 

125 

psig 


Figure 2-1. Specification Sheet, 5K7QSK 
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QUALITY CONFORMANCE INSPECTION, PART 1 (note 9) con’t 


Ref 

Test 

Condition 

Symbol 

Min 

Max 

Units 

4250 

Power Output (1) 

CW RF Power Amplifier 

Po 1: 

24 

— 

kW 



Pd = 750 mW (max) 

Eff 1: 

40 

— 

% 



Im - 25 Adc (max) 

Gain 1: 

45 

— 

dB 



Notes 7, 8, & 9 

BW 1: 

20 

— 

MHz 




lb 1: 

— 

3.2 

Adc 




Iby 1: 

— 

75 

mAdc 

4214 

Emission 

Power Output (1); Pd = 0, 

Alb: 

— 

200 

mAdc 



Eb “ 20 kVdc Note 10 






Tuner Torque 

Note 11 

tq: 

— 

80 

in-oz 


Reference numbers not enclosed in parentheses refer to paragraphs in MIL-STD-1311A, "Test Methods 
for Electron Tubes." References shown in parentheses refer to paragraphs in MIL-E-1G, "Military 
Specification for Electron Tubes." Only those paragraphs of MIL-STD-lSllA and MIL-E-1G referenced 
in this specification shall apply. 

Note 1: For the proper use of these ratings, refer to MIL-E-1G, Paragraph 6.5. 

Abbreviations of electrical terms used in this specification which are not adequately defined 
in MIL-E-IG, Appendix B, are defined as follows: 


Eb dc beam voltage 

lb dc beam current 

Iby dc body current 


Im dc electromagnet current 

Pool collector-power dissipation 

N.B, - All dc voltages refer to 
the cathode. 


Note 2; The heater surge current shall not exceed 24 amperes. 

Note 3: The cooling requirement for operation at maximum ratings at sea level and an ambient air 

temperature of 30° C are as follows: 



FLOW 

PRESSURE DROP 

Collector 

18.5 gpm (min) 

40 psi 

Body and Output Section 
(series connected) 

1.2 gpm (min) 

65 psi 

Gun forced air 20 cfm 


* 


The maximum allowable outlet liquid- coolant temperature is 80 D C. 

The maximum allowable v/ater pressure shall not exceed 125 psi. 

During electrical tests, cooling water shall not exceed the minimum flow rates and 
maximum pressure drop indicated above. 


Figure 2-1, Specification Sheet, 5K70SK (continued) 
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| Note 4: These tests and all other tests specified herein shall be applied to two sample tubes, 

! unless otherwise specified, which are representative of production quality. These tests 

{ shall not be construed as lot acceptance tests. 

i 

► ... 

, Note 5: Tests specified as qualification tests shall not be performed as quality conformance 

j tests. However, when a design change Is made which affects the operating characteristics 

■\ of the tube, these tests, together with all quality conformance tests shall be applied to 

i two tubes selected at random from the first production lot incorporating the design change. 

: Note 6: The water system will be static pressure checked at 125 psi for a minimum of 5 minutes, 

j There shall be no leaks. 

Note 7: Adjustment of the electromagnet current, and the circuit tuning shall be permitted to 

f obtain the desired operating conditions. 


i Note 8*. These tests to be performed with the tube mounted in the H-193 Varian klystron circuit 
assembly or equivalent. 


Note 9; The bandwidth will be measured at 1. 0 dB points and shall be free of spurious oscillation. 
Ripple and small discontinuities shall be less than 1 dB. 

Note 10; The tube shall be allowed to stabilize at the specified conditions for at least 15 minutes, 
after which the heater voltage shall be reduced io S. 75 Vac. After 15 minutes of stabili- 
zation at this reduced heater voltage, the beam current shall be measured and the change 
in beam current (Alb) shall be no greater than the specified value. 

Note 11; The shaft shall be run to each stop and then backed off one- quarter turn. The torque 
required to start the shaft shall not be more than that specified. 

Note 12; HEATER POLARITY 

In those applications where DC heater voltage is used the following heater supply polarity 
is mandatory. The common heater- cathode lead (normally white) must be connected to 
the positive side of the heater supply (and to the negative side of the DC beam supply) . 

Failure to comply with this polarity rating and requirement will result in extremely low 
heater life. 


Vi 

i 

J 

• -t 



Figure 2-1. Specification Sheet, 5K70SK (conti rued) 
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3. ENGINEERING TESTS 


3.1 CAVITY TUNER TESTS 

To demonstrate conformance with paragraph 2.3.5 (10, 000 cycle tuning 
life), special tuning cycle tests were performed on a series of klystron cavities. 

The cavities were constructed mid processed in a manner identical to that 
of a complete klystron amplifier; i. e. , they were brazed, processed (vacuum 
pumpdown and bakeout) and equipped with a Vaclon pump for vacuum monitoring. 

During the tests, critical performance characteristics were monitored 
to determine whether or not changes were taking place throughout the cycling pei-iod. 
The characteristics measured were frequency, Q q , tuning screw torque, and vacuum 
The first indication of vacuum pressure rise was to be considered end-of-life for 
the vacuum bellows. Any erratic behavior in the frequency repeatability of the tuner 
was to be considered end-of-life for the sliding contact within the cavity. 

Figure 3-1 is a photograph of the sliding contact mechanism used in the 
5K70SK. Although the tungsten wire sliding contact mechanism has been used exten- 
sively at Varian, this particular configuration had never been life-test cycled 
prior to these tests. This mechanism and the vacuum bellows which permits tuner 
motion within the klystron were the only areas of concern prior to the cycling tests . 

Figure 3-2 is a block diagram describing the cycling test setup. As shown, 
the Vaclon pump power supply was arranged with an alarm circuit to stop the cycling 
mechanism in the event of a vacuum pressure rise. This gave an exact cycle count 
at the time of bellows failure. Cycling was stopped at various times to check 
frequency and Q q at a precise position of the timing screw to determine frequency 
repeatability and/or degradation of the tungsten wire contacts. 

Three separate tests were conducted. The variable for each test was the 
total travel of the sliding contact tuner. The travel of the tuner and the extension 
of the vacuum bellows are directly related. 


MrtV-.a A' nViiCllN3J.N I 3©V«I 













3.1.1 Cycling Test No. 1 


The first test was conducted with a tuner travel of 0.500 inch, 0.150 
inch longer than the actual travel required to cover the desired tuning range. The 
0,150" was added to represent a suitable safety factor. One complete cycle was 
accomplished by a travel from 0,0" to 0,500" and return to 0.0". 

In retrospect, the safety factor included was a bit optimistic. The 
vacuum bellows failed at 2, 549 cycles because of metal fatigue. This early failure 

e 

was surprising, but was not 3 r et viewed pessimistically because it was a single- 
experiment failure and other tests were to follow. 

The other parameters measured gave no evidence of any additional 
problems. Tuning repeatability was good, and the extreme of repeatability error 
was 0.62 MHz, well within the limits required to produce a specification bandpass. 

Tuner torque increased gradually early in the test from 48 in/ oz. to 
60 in/oz, but leveled off at the higher figure during the duration of the test. 

Q of the cavity remained essentially constant throughout the test, 
o 

indicating no increase in the sliding contact resistance. 

3.1.2 Cycling Test No. 2 

The cycling test cavity was rebuilt, replacing the vacuum bellows 
and the complete sliding contact tuner mechanism. The previously mentioned 
"safely factor" was eliminated and the tuner travel was limited to 0,350", the 
amount required to cover the desired tuning range. 

The same type of fatigue failure caused the new vacuum bellows to 
leak at 3, 183 completed cycles. Because the nature of the failure was identical 
to that of the failure in Test No. 1, it became clear that tills was not simply a ran- 
dom failure. Both tests combined gave definite proof that the bellows could not 
complete 10,000 cycles. 
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Again, the other parameters of the test showed no problems. Tuner 
torque and Q q showed no measurable change. Frequency repeatability was slightly 
better than on the first test and showed an extreme error of 0. 5 MHz, 


3.1.3 Cycling Test No. 3 


V 


The third cycling test was performed to provide one additional data 
point and, at the same time, provide data for a condition which more realistically 
represented cycling conditions ejpeoted in field operation. 

The first two tests were run using the travel required to tune from 

one band extreme to the other and return. It is not likely that, in field operation, 

every tuning cycle would travel to these extremes. A more likely pattern would 

be an averaging of short travel cycles (channel 1 to zero and return to channel 2) 

and T >ng travel cycles (channel 6 to zero and return to channel 5). This average 

0.350” 

travel would be exactly one half the travel experienced in test No. 2, i. e. , — ^ — 
= 0.175. 


Test No. 3 was conducted to observe this "half travel” effect on 

cycling life. 

A completely new cavity was constructed for this test so that the 
"tracks” cut by the sliding’ contact in tests No. 1 and No. 2 would not alter the 
test results.. The cavity was evacuated and processed as in previous tests. 


The test was terminated at 10, 710 cycles because of vacuum bellows 
failure. As in the two previous tests, metal fatigue was die cause of failure. 

No other degradation could be seen. Tuner torque and cavity Q 

o 

remained constant throughout the test. The maximum frequency repeatability error 
was 0.37 MHz. 
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In short, the three cycling tests showed rather conclusively that 
no problem other than vacuum bellows failure could be anticipated from extended 
cycling life. 

Consultations with a number of vacuum bellows manufacturers 
were held, but no solution to the problem could be found. In order to extend the 
cycling life of the bellows, either larger-diameter bellows or bellows with a 
greater number of convolutions would have to be used. 

A larger-diameter bellows is not pemnissible because the electri- 
cal design of the klystron determines the spacing between cavities and thus limits 
bellows diameter. 

Bellows with more convolutions require more physical space in a 
direction perpendicular to the axis of the klystron . Any physical expansion in this 
direction would require a design that was not physically interchangeable with the 
existing 5K70SG klystron. Since electrical and mechanical interchangeability were 
absolute requirements, no design remedy could be implemented. 

Since it is not a proven fact that 10,000 extreme to extreme cycles 
will be required for satisfactory system performance, the matter of nonconformance 
is in abeyance, Varian has contractually agreed to repair, at no charge, any 
Idystron whose life has been shortened by vacuum bellows failure within the 10, 000 
cycle limit. 

If system operation proves, that 10, 000 extreme to extreme cycles 
are an absolute requirement, a klystron can be designed to meet the need; however, 
it would not be interchangeable with the existing 5K70SG klystron. A new electro- 
magnet design would be required to accommodate the new klystron design. 
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4. DESIGN MODIFICATION TO MEET SPECIFICATIONS 

During the course of early production testing of the 5K70SK, considerable 
time and effort was devoted to obtaining the desired 20 MHz bandpass . 20 MHz 
could be obtained with effort; but in some cases, little or no safety factor was 
available. Because of the normaHy expected differences between factory test 
equipment and equipment available at site installations, this marginaiity would 
almost certainly produce sub-specification performance at some sites, 

A single variable, the input cavity Q , was found to be the cause of tube- 

E 

to-tube bandpass variations. Despite stringent electrical controls on the input 
coaxial drive cable and close mechanical tolerances on the input loop assembly, 

Q variations in the input cavity were still large enough to create problems in 

iii 

stagger-tuned broadbanding. 

Figure 4-1 shows the effect of these input cavity variations on the 20 
MHz bandpass. 

To overcome tins problem, an adjustable resistive load was incorporated 
within the input cavity. This mechanism is shown in Figure 4-2, 

The device provides external adjustment of the input cavity Q in an opera- 
tional klystron. Q changes are made by adjusting the depth of penetration, within 
the input cavity, of the resistively loaded ceramic shown in Figure 4-2. 

This added adjustment provided the flexibility needed to simplify the broad- 
banding procedure. Considerably less time is spent in factory testing and the final 
results show increases of 2 to 3 MHz of bandwidth in some cases. 

This design improvement has the added advantage of being permanent; that 
is, once adjusted and locked, no fur tlier adjustment is ever required. 
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5. INSTALLATION, OPERATING 
AND TUNING PROCEDURES 


The Varian ldystrpns 5K70SG and 5K70SK are essentially identical in 
mechanical configuration and are electrically and mechanically interchangeable 
in the S-band amplifier subsystem Model 11-076. The general instructions for 
installation of these klystrons in their magnetic circuits and preparation for use 
is covered completely in Technical Manual ME-1505, Section 2, and will not be 
repeated here. 

The following paragraphs deal only with those changes in installation and 
operating procedures unique to the newly developed 5K70SK klystron and the 
Summit Engineering step tuning unit Model No. 8191A. 

5. 1 STEP TUNER INSTALLATION ON H-193 MAGNETIC CIRCUIT 


(SEE FIGURE 5-1) 

1. Rotate each of the 5 Dzus fasteners (located in the front panel of 
the 8 191 A) 1/4 turn counterclockwise, and swing the front panel assembly open 
until it latches at the 90° position. 

2. Loosen the 10-32 hex socket head screws in the split collar which 
clamps the five drive shafts to the drive sprocket hubs. 

3 . Using the roll pin handle provided, pull the shaft extensions toward 
the front of the step tuner assembly until the front surface of the helical coupler 
in the shaft assembly contacts the rear of the hub. 

4. Set all of the turns counters (adjacent to the tuner knobs) to "GOO". 
The proper procedure for setting ,J 000 M is as follows: 


Rotate tuner -knobs in a counterclockwise direction until 
counters have passed through M 000 M to "SOS". Return to 
"000" in a clockwise direction. 


PASS 






SHAFT 
EXTENSION 








5. Remove four 10-24 x 3/4" socket head screws securing the top 
magnetic polepiece to the magnetic return cylinder. 

6. Position the step tuner unit so that the four holes in the tuner 
top mounting flange are aligned with the four 10-24 tapped holes in the magne- 
tic circuit and secure with the four 10-24 x 1" socket head replacement screws 
(NOTE: Some units will only employ two screws) . Do not tighten screws. 

7. The lower mounting flange of the step tuner is secured to the 
lower mounting flange of the magnetic circuit with two 3/8-18 x 1" bolts using 
nuts and lockwashers. After tightening the 3/8" bolts, tighten the 10-24 x 1" 
screws securing the top mounting flange of the step tuning unit. 

8. Assuming the 5K70SK klystron has been ’’zero" indexed (Section 
5.3), engage the hexagonal key on the shaft extension with the hexagonal socket 

of the klystron tuner screw. This is done by sliding the shaft through the sprocket 
hub assembly and simultaneously rotating the shaft in a counterclockwise direction 
until the hexagonal sections mate. Care must be exercised during this process to 
insure that the ’’zero" indexing of the klystron is not disturbed. 

9. After engagement of the hexagonal shaft extension and the klystron 
tuning screw, recheck the "OOO" position of the turns counters. If they have been 
disturbed, return to ”000 11 as in Paragraph 4. 

10 . While maintaining a slight inward and counterclockwise pressure on 
the shaft extension, tighter the 10-32 hex socket head screws on the split collar 
that locks the sprocket hub to the drive shaft. 

5.2 PREPARING STEP TUNER FOR OPERATION 

After installation of the step tuner unit and engagement with the klystron 
amplifier, the thumbwheel counters on the front of the step tuner unit may be set 
to agree with the thumbwheel counter settings given on the test data card (see 
Figure 5-2). 
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The thumbwheel counter settings represent the proper klystron cavity 
timing to establish a 20 MHz bandpass centered on the following frequencies: 


Channel 1 
Channel 2 
Channel 3 
Channel 4 
Channel 5 
Channel 6 


2035 MHz 

2050 

2065 

2080 

2095 

2110 


After setting all thumbwheel counters to agree with readings given on 
the test data card, engage the three interconnecting cables to the three input 
jacks fomid on the top surface of the step tuner unit. Functions of the three 
jacks are: 

J13 28 Vdc power input 

J14 Parallel connector for remote panel 
J15 Relay closure for de-energizing rf 
drive during channel change 


After connection is made to J13, the channel tuner is ready for operation. 
When energized with 28 Vdc, the tuner unit may select an arbitrary channel or may 
remain stationary with a red light indicating tuning in process. In either case, 
merely depress the pushbutton for desired channel and it will be tuned automatically. 

5.3 "ZERO” INDEXING OF THE 5K70SK KLYSTRON : 

The 5K70SK klystron will be shipped from Varian in a pre-tuned zero- 
indexed condition. The following paragraph describes the procedure for establishing 
the zero index. 

During factory setup, all cavity tuners are rotated clockwise to a positive 
stop which represents the end travel of the cavity tuner. At this point, an indicator 
flag is welded to the tuning screw to provide alignment between the tuning screw and 
a scribe line on the housing of the tuner assembly (see Figure 5-3} . This setting 
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MATCH FLAG ON TUNER 
SCREW WITH SCRIBF 
LINE MARK ON TUNER 
HOUSING 


HEX SOCKET ON 
KLYSTRON TUNING 
SCREW 


SHAFT EXTENSION 
SHOWN RETRACTED 


TUNER HOUSlNt 
c*N K LYSTRON 


Figure 5-3. Klystron 7ero index 



is not the zero index referred to in the preceding paragraph. The zero index is 
a factory-determined number of turns rotated counterclockwise away from the 
positive clockwise stop. 

For example, on 5K70SK Serial No. 1R-1 all tuners were zero indexed at 
4 turns counterclockwise from the fully clockwise positive stop. The number of turns 
required to* establish the zero index was recorded on the test data card accompanying 
5K70SK, Serial No. 1R-1 shown in Figure 5 2. Not all tubes will necessarily be zero 
indexed at 4 turns counterclockwise, nor will all tuners on a particular tube have the 
same index numbers. The purpose of the zero index is to establish a refex^ence between 
factory tuners and field tuners. This arbitrary stop also establishes the required 
tuning range while limiting the vacuum bellows to the minimum possible flexure. This 
limitation of flexure has a powerful effect on the life of the vacuum bellows. 


In the event that one or more klystron tuner screws become misindexed with 
the 819 1A tuning unit during operational service, the following procedure will re- 
establish proper zero indexing of the klystron cavities with the 819 1A tuner unit. 


1. Open the front panel door of the 8191A timer unit. 

2'. Loosen each of the five hexagonal 10-32 socket head screws 
which tighten the split clamps and sprocket hubs to the drive 
shaft assemblies. 

3. Retract each of the drive shafts, disengaging the hex end of 
each shaft from the hex socket in the timer screw of the klystron 
tube. 

4. Place the “zero latch" toggle switch of the 8191A tuner unit, 
located on the motherboard and to the right of the battery 
holder, in the down position and press any of the six channel- 
select buttons. This will return all of die drive mechanisms 
to zero position. 

5. Disconnect power to the 8 191 A tuner by removing the power 
supply cable connector from the top of the timer, or by switch- 
ing off the ac source to the power supply. 

6. Loosen the four 10-32 x 1" socket head screws and the two 
3/8-18 x 1" bolts which secure the top and bottom plates of 
the tuner to the klystron magnet circuit. (NOTE: Some units 
will only have two screws). Carefully remove the screws 
and lift the tuner from the magnet frame. 
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7. With the tuner removed, the five hex socket klystron tuning 
screws and flags are visible through the holes in tine magnet 
assembly. 

8 . Re-establish zero indexing of klystron by turning the klystron 
tuning screws to the clockwise position stop using the 3/16” T 
handle Allen wrench provided (VACO No. 79212) . Then rotate 
the tuning screws counterclockwise the number of turns recor- 
ded on the test data card, until the indicator flag welded to the 
tuning screw and the scribe line are precisely aligned. 

— NOTE 

Alignment must be approached from the counterclockwise 
direction* If alignment is "over-shot’ 1 , rotate two full turns 
counterclockwise and reapproach alignment from the counter- 
clockwise direction. 


9. After zero indexing of the klystron is complete, the 819 1A tuning 
mechanism can be reinstalled as described in the installation 
instructions of Section 5.1. 

5.4 FIELD TUNING OR TRIM TUNING OF THE 5K70SK 

The foregoing sections dealing with the installation and operation of the 
5K70SK and 8191A tuning unit are based on the assumption that factory performance 
will be exactly duplicated at site installations. However, experience has shown 
that because of differences between factory test equipment and operational site 
equipment, exact duplication of bandpass curves is not always possible without 
some readjustment at the site installations. 

The following section deals with field adjustments (trimming) and change 
of channel frequencies , 

5*4.1 Factory Timing and Establishment of Thumbwheel Counter Settings 

In the event that field retuning or ’’trimming 1 ’ is required, it is 
necessary to understand how the thumbwheel counter settings are originally esta- 
blished under factory-tuned conditions. 
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Individual channel bandpass characteristics are factory established 
using sweep generators in conjunction with a broadband detector/oseillo scope 
combination. 

Shown in Figure 5-4 are typical klystron cavity positions for proper 
operation on Channel 1 (frequency centered on 2035 MHz). The bandpass shown in 
Figure 5-4 is typical of the bandpass to be expected with small-signal input of appro- 
ximately 10 mW. 

Cavities C and D on all channels form the upper and lower band edges 
and are placed at approximately +10 MHz and -10 MHz, respectively. Cavities A 
and E are roughly centered on the channel center frequency. Cavity B is above 
band center and affects the bandpass only to a small degree, but has a strong effect 
on the overall gain of the klystron. 

The bandpass is obtained by hand timing the 5 knobs found on die 
front of the step timer unit. When the hand tuning process is finished, the turns 
counters coupled to the stepping motor shaft will give a readout which is directly 
transferred to the thumbwheel counters for Channel 1. 

After transferring turns counter reading to thumbwheels, automatic 
operation on Channel 1 is checked by depressing any other channel pushbutton, then 
quickly redepressing the Channel 1 pushbutton. During this procedure, the step 
tuner will return to "000", reverse, and return to Channel 1. If bandpass charac- 
teristics are correct, nothing further is done, and the process is repeated on Channel 
2, If bandpass characteristics are not correct, retrimming is required, in which 
case slightly different turns counter readings will be obtained. These new readings 
are then transferred to thumbwheel settings for Channel 1. 
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2075 MHz 


figure 5-4 Typical Channel Bandpass at Low Power 



— -IMPORTANT NOTE: 

Iii order to maintain repeatability, all final cavity . 
timing adjustments are made by turning the tuning 
knob in the clockwise direction. If it is necessary 
to make a frequency adjustment requiring a counter- 
clockwise rotation of the tuning knob, it is necessary 
to ” over shoot” in the counterclockwise direction and 
return to the proper position in a clockwise direction. 

5.4.2 Field Retuning 

The most probable causes for variation between factory performance 
and site performance are the differences normally experienced in the input drive 
line chain and the output transmission circuit. 

Input line mismatches (VSWR) alter both the frequency response (Q) 
and the actual frequency of the input cavity of the klystron. Output line mismatches 
(VSWR) likewise alter the frequency response (Q) and the actual frequency of the 
output cavity of the klystron. 

• ' If factory bandpass performance cannot be obtained, the most likely 

readjustments are the tuning of the input or output cavities or both. These re- 
adjustments can only be made properly using sweep frequency oscilloscope obser- 
vation techniques. 

Adjustments of the input cavity (E) and the output cavity (A) have a 
similar effect on the frequency bandpass of the klystron. Both affect the center of 
the response and the overall tilt of the bandpass* Only experience and practice at 
timing these cavities will produce desired performance. 

In general, all adjustments should be made at low level (1 kW), 
striving to duplicate the response shown in Figure 5-4. 
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When final adjustments are made, remembering always to approach 
these final settings from a clockwise direction, the readjusted turns counter readings 
should be immediately transferred to the thumbwheels * 

Final performance must, of course, be checked at the 20 kW level 
and minor adjustments may again have to be made at this high power level to pro- 
vide a compromise setting which produces specification performance at both high 
and lower power levels. 

Bandpass characteristics at high power are shown in Figure 5-5. 

Cavities B, C and D should never need retuning because their re- 
sponse and frequency are unalterable by external circuitry. 

If factory-determined thumbwheel settings do not result in the pro- 
per placement of cavities B, C and D, mis-indexing of the tuning unit or slippage 
of the couplings between the tuning unit and the klystron has taken place. 

Proper indexing of cavities D and C is easily checked by observing 
a bandpass pattern such as shown in Figure 5-4, These cavities should be at the 
bandpass edges ± 10 MHz from band center. 

Po 

Indexing of cavity B can be checked, by comparing the gain ( 10 log - jj-) 
obtained at the factory with that obtained at the operational site. If the gain of the 
klystron is lower than factory tests indicate, cavity B is too high in frequency. If 
the gain of the klystron is higher than factory tests indicate, cavity B is too low in 
frequency. 

5,4.3 Channel Frequency Change 

Tuning curves of frequency or channel number versus thumbwheel set- 
tings are provided with each 5K70SK klystron. Should it be desired to tune to frequen- 
cies other 'than those provided by factory thumbwheel settings, new channel frequencies 
can be established by interpolation from these curves. 
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Example: Referring fo timing curves (Design Verification Tests, Section 
8, page 23), it can be seen that the thumbwheel cavity settings for Channel 3 
(centered at 2065 MHz) are as follows: 

Cavity A - 390 
Cavity B - 310 
Cavity C = 404 
Cavity D = 460 
Cavity E = 370 

In order to establish a new channel centered on 2070 MHz, the new thumb- 
wheel settings are read directly from the curves. The new settings would be: 

Cavity A = 412 
Cavity B - 345 
Cavity C - 436 
Cavity D = 500 
Cavity E = 409 


Simply dial these new settings into the thumbwheel switches. If you are operating 
on Channel 3, depress any other channel button for an instant and immediately re- 
press the Channel 3 button to achieve a new Channel 3 operating frequency of 2070 MIIz 
To obtain optimum performance, retrimming, as previously described, maybe 
required. 


6 . RELIABILITY ANALYSIS OF 
AMPLIFIER KLYSTRON 5K70SK 

The reliability analysis and predictions presented here are based on a 
comparison between the field tested 5K70SG and the newly developed 5K70SK. 

With the exception of the tuning mechanism, which includes a new vacuum 
bellows and sliding short tuner, the 5K70SK is essentially identical to the 5K70SG. 

Because the tuning mechanism is a major departure from the original 5K70SG 
design, its performance has been given special scrutiny in the engineering tests 
performed as outlined in Section 3 . The only measurement of reliability will be 
given by accumulated field data taken with actual channel usage. 

Reliability analysis of the other major components of the 5K70SK (electron 
gun, body, rf window, collector) is based on field performance of the 5K70SG. 
Supportive data, compiled over an eleven-year period, are presented in Section 6,1. 

6.1 RELIABILITY I3ATA, 5K705G , 

i ' » 

The mean time between failure (MTBF) is calculated here by dividing the 
total estimated operating hours by the number of tube failures. 

Over an eleven-year period, twenty-four tubes were returned to Varian. 

Four of these tubes we re tested and found to meet full specification performance. 

Of the remaining tubes analyzed, nine failures were considered to be system 
induced (cracked output windows, melted drift tubes, other external physical damage) 
and the tubes were eliminated from the calculation. The failure mode for all 
twenty-four tubes is shown in Figure 6-1. 

MTBF for the eleven remaining tubes was calculated on the basis of eleven- 
year operation at fourteen sites. Seven-day, eight-hour, fifty-two week operation 
was assumed. 
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Then, for eleven tubes, 


MTBF = 11 - 14 — 8 — 5 - = 40, 768 hours. 


The tube failure rate per million hours Is then 


10 


10 


MTBF 40,768 


= 24.53 


The predicted failure rate for various failure modes as applied to the major 
subassemblies of the klystron are shown in Table 6-1, 

The predicted failure rate for an assembly is the product of the percentage 
failures of that assembly and the tube failure rate. 

Example: Six cathode failures for eleven tubes 

~r x = 13.38 failures/10 6 hours. 

11 1 

Figure 6-2 is a Weibull hazard plot of the probability of failure versus hours 
based on the MTBF of 40,768 hours. 



TABLE 6.1 

FAILURE MODES AND PREDICTED FAILURE RATES* 



I 

II 

III 

IV 

Assembly 

Gun/Cathode 

Body 

Collector 

Miscellaneous 

Principal 

1. No or low 

1 . Erratic 

1. Shorted 

1. Gas 

Failure 

emission 

tuner 



Modes 

2 . Open or 

2 , Binding 


2 . Coolant 


shorted 

tuner 


leaks 


heater 

3 . Vacuum 


3. Other 



Leaks 





4. Braze 



• 


defects 



Predicted 



4. 16/10 b hrs 

2.23/10 hrs 

Failure Rate 

13.38/10 hrs 

g 

4.46/10 hrs 


* The predicted failure rate is the product of the percent failed for each assembly 
and the tube failure rate. 
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. PRECAUTIONS TO INSURE RELIABILITY 
7,1 UNCRATING INSTRUCTIONS FOR 5K70SK 

Tools Required: ' 

Klimp or claw hammer 
Screwdriver, power or standard 
Lifting cables, web straps or ropes 
Miscellaneous wrenches 
Hoist 

1. Remove the top cover of the outer box by removing all Klimps 
with a Klimp or claw hammer . 

2. Remove shockmount bolts (4 places) and remove the inner box by 
using two lifting cables, web straps, or ropes. 

3. Tilt the inner box upright with, the end marked "tube stand" down. 

4. Remove all screws from the lid of the inner box and remove the 
lid. Remove the front half of the tube support inserts. 

IMPORTANT: DISCONNECT VACION CABLE AT THE VACION 
PUMP- LOCA TED ON THE KLYSTRON WAVEGUIDE. 

5. Remove the six (6) machine screws (circled) which hold the upper 
section of the inner box to the tube stand. 

6. Carefully lift and remove the upper section of the inner box, 
avoiding contact with the klystron, 

7. Attach lifting cable to lifting eyebolts on klystron, and draw cable 
just taut. Remove toe-clamps holding klystron to tube stand. 

8. Lift klystron from tube stand. 

For storage of the klystron, the uncrating procedure may be used in 


reverse order. 
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For Vaclon pump monitoring during’ storage, the Vaclon cable must be 
reconnected before the support inserts and the lid to the inner box are replaced. 

7,2 INSTALLATION AND OPERATING PRECAUTIONS 

7.2.1 Protective Measures 

This tube should be used in equipment which provides protection 
as described below. In addition, installation and operating precautions should be 
observed, and rating's should not be exceeded. 

High Voltage — Voltages required for operation of this tube are 
extremely dangerous to life; equipment should be designed with protective interlock 
circuits to make physical contact with these voltages impossible. 

‘ Microwave Radiation - Precautions should be taken to prevent 
exposure of personnel to the strong microwave fields generated by this tube. 
Microwave radiation due to leakage at the input coaxial connector and the output 
waveguide flange should be prevented by making tight rf input and output connections. 

Heater Voltage — Heater voltage (7.5 V) should be applied for at 
least 5 minutes before applying beam voltage. Heater surge current should never 
exceed 24.0 A. 

Beam Voltage — An overvoltage relay should be provided to limit 
the beam voltage to 22.0 kVdc. Interlocks should prevent the application of beam 
voltage before the heater has warmed up, coolants are flowing, and the focusing 
coil currents are applied. 

Beam Current — An overcurrent relay should be provided to remove 
the beam voltage if the beam current exceeds 3.2 A. 

Body Current — An overcurrent relay should be provided to remove 
the beam voltage if the tube body current exceeds 75 mAdc, 
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Focusing Field Protection — To prevent tube damage and maintain 
proper operation, rapid- acting undercurrent and overcurrent relays should be used 
in the focusing coil circuits They should remove the beam voltage if the coil 
current either falls below 15 A or rises above 20 A, Tube failure can result 
within a few milliseconds if the focusing field fails, while the ; beam voltage is 
applied, causing a large portion of the beam energy to be dissipated in a small 
area. •: 

r Cooling — The liquid cooling of the tube body and the electromagnet 
can be provided by water or by equal parts of water and ethylene glycol. Scaling 
and corrosion in the cooling system should be minimized by the use of metals 
close to copper in the galvanic series. Precautions should be taken, to maintain 
the cleanliness of the cooling system, to minimize the dissolved oxygen of the 
coolant, and to operate at the lower inlet coolant temperature consistent With the 
operating- temperature environment. Protective flow rate interlock circuits 
should be provided. Tube body and electromagnet cooling circuits can be connected 
in series for a common liquid flow rate of 1 gal/min. The maximum passband 
stability for the tube can be maintained if the coolant inlet temperature to the 
tube and electromagnet is controlled within ±2° C, independently of seasonal, or 
day-to-night, ambient temperature changes. The maximum static pressure 
(blocked flow condition) , for either tube or electromagnet, should never exceed 
125 psig. Protective interlock devices should remove beam voltage if the coolant 
outlet temperature exceeds 80° C. 

Reflected Power - The 5K70SK should not be used with load VSWRs 
greater than 1.5:1. Higher values of reflected power may damage the output 
window. Protection should be provided by installing a directional coupler 
between the tube and any transmission line components. If the VSWR exceeds 
1.5:1, a rectified sample of reflected power should operate a circuit to remove 
rf drive from the tube within 10 msec. It is not necessary to remove beam voltage. 
Operation of the protective circuit should be checked regularly . 
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Arcs (In the Output Waveguide) - The output waveguide should be 
pressurized at 5 psig using either dry air or nitrogeii if possible. If an arc-over 
should occur, a photoelectric arc detector near the tube output waveguide window 
should remove the rf drive within 10 fxsec after the start of the arc. 

RF Leakage — External leakage should be prevented by making 
tight rf input and output connections. Under certain tuning conditions, regenera- 
tion or oscillation can occur if rf energy from the output line, or radiation from 
the antenna reaches the input cavity because of faulty rf connections or inadequate 
shielding. 

7,2.2 Installation 

Tube Handling - Sufficient care in handling the tube must be used 
to avoid bending any of the metal parts, or breaking any of the ceramic insulators, 
or the output waveguide window. More specifically, do not put any unsupported 
weight on die end of the output waveguide. Also, do not lift the tube by the output 
waveguide, the cathode assembly, or the lead wires. It is recommended that 
the tube be handled by the collector eyebolts. 

Tube Inspection — Check the rf output window. No foreign particles 
of any kind should be between the silver-plated flange and the ceramic window. 

The ceramic window must be perfectly clean. If necessary, clean the window 
using acetone and a camel's-hair brush. 

Coolant Connections — The collector hoses should not apply stress 
to the collector, which is attached to the tube by a ceramic insulator. The hose 
should be of insulating material to isolate the collector from ground electrically. 
Teflon-lined water hoses are recommended for the tube body and the electro- 
magnet, to minimize coolant contamination. 

Electrical Connections - If a dc healer supply is used to minimize 
heater hum, connect the common heater-cathode (black) lead to the positive side 
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of the heater supply. The heater supply should be insulated to withstand die full 
beam voltage . The rf output connector mates with a standard rectangular wave- 
guide cover flange, UG-435A or equivalent. 

1. Be sure waveguides are perfectly clean before attaching 
them to the tube. 

2 . Attach the waveguide to the tube. Align the mating flanges 
very carefully to avoid stress on the rf output window 
flange. T^hter screws evenly to prevent strain on the 
ceramic w,: dw. Waveguide should be pressurized to 

5 psig with, dry air or nitrogen if possible. 

7.2.3 Operation 

Preliminary Check — Check the following conditions before 
applying voltages to the tube. 

1* Heater and cathode leads connected correctly. 

2. Collector connected to supply correctly. 

3, Tube body grounded. 

4* Input coaxial connector and output waveguide flange 
connected into system. . 

5. Collector, body, and electromagnet coolants flowing. 

6. Cathode cooling fan turned on. 

7. RF drive at correct frequency. 

8. Output waveguide pressurization at 5 psig, 

9. Vaclon pump connected. 
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Application of Voltage — Recommended operating voltages and 
currents are shown on the Test Performance Sheet which accompanies each tube. 
Prior to turn on, it is advisable to determine the internal gas pressure of the 

tube. Full high voltage should not be applied until the vacuum pressure is below 

— 

10 mm of ffg (4 p Adc) . See Figure 7-1. 

1. Turn on the electromagnet power supply and set the focusing 
current to the value shown on the Test Performance Sheet* 
Never allow the focusing current to drop below 16.5 A, 
when the tube is being operated. 

2. * Apply heater voltage. The heater current should be about 

11.0 A after 5 minutes of warmup time. Surge current 
should never exceed 24.0 A, 

3 . Starting at zero, apply beam voltage gradually to voltage 
specified on Test Performance Sheet. Body current 
without drive should be less than 20 mA, with an absolute 
maximum of 75 mA. 

4. Apply rf drive and adjust to obtain the desired output. 

Removal of Voltages — All tube voltages may be removed simultan- 
eously or in the reverse order from startup, 

CAUTION: TO PROVIDE MAXIMUM RELIABILITY AND 

LONGEVITY, TUNING CYCLES SHOULD BE LIMITED TO AN 

ABSOLUTE MINIMUM. VACUUM BELLOWS LIFE IS DIRECTLY 

RELATED TO THE NUMBER OF TUNING CYCLES (see Section 3). 

7.2,4 Transportation and storage 

Use the packing case for transportation and storage of the tube 
when it is not In service. 
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For storage below freezing, remove the coolant to avoid damaging 
the tube. Disconnect the water lines and attach mating parts to the tube body 
Hansen fittings. Drain the water from the tube and blow out the remaining coolant 
with warm, dry air. Remove the mating Hansen fittings. 

The protective covers for the input connector and the output 
flange should be in place whenever the tube is in storage. 

The gas pressure level can be checked at any time when the tube 
has been removed from its electromagnet and placed in storage. The Vaclon 
pump permanent magnet must be in its correct position on the Vaclon pump. 
Connect the Vaclon pump cable to an appropriate power supply and put the pump 
into operation according to the instructions provided for the Vaclon pump and 
its power supply. 

7.3 RECOMMENDED FAILURE FORM FOR USERS 


In order to insure continued reliability of field systems, it is vital to 
establish good communications between field personnel and factory engineers. 
Toward this goal, a recommended failure form is given as Figure 7-2. This 
form, filled out by the user and returned with the tube, could be instrumental in 
reduction of serious field problems. 


Place X's in appropriate boxes 





















































8. DESIGN VERIFICATION TESTS 


Design Verification Test Plans for the 5K70SK-WBT klystron and for 
the remote step tuner Model 819 1A axe contained in the following pages. 
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PURPOSE 


This document defines the parameters and methods required ] 

■ ^ 

to assess the performance of a five cavity 24 kW, CW kly- j 

stron amplifier, tunable over the 2025 to 2120 MHs band 
with a remote controlled six position channel tuner. The 

. 1 

acceptance tests are written to the requirements of NASA \ 

specification #73-15029, 

The tests as delineated will not necessarily be performed 
in the order as presented in this document, A pre-requisite 
of performing acceptance testing is that sufficient pre- 
liminary testing has been accomplished to assess general 
tube performance. 

During this preliminary test phase pre-set thumb wheel 
settings will be established that insure automatic channel 
selection by push button command. It is a requisite of 
acceptance testing that specification performance be met 
by push button command only. 

Design Verification Tests will be performed on the first 
5K70SK-WBT, with the understanding that one additional tube 
may be tested to the DVT plan at the request of the govern- 
ment. 

EQUIPMENT REQUIREMENTS 

The test equipment given in Paragraph 2,2, or its equivalent , 
will be used in the acceptance testing of the 5K7QSK-WBT and 
push button controlled six position channel tuner. 

2.1 Equipment Calibration 

The calibrations and control of the test equipment 
will be performed by Instrument Services under the 
direction of Quality Assurance. Controls and pro- 
cedures for calibration are specified by Quality 
Assurance Operating procedure 87-800-154 and Instru- 
ment Services Operating Manual 87-800-153. 
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2.2 


Equipment List 


m 

No. 

Description 

Manufacturer 

Type 
O.' Model 

Frequency of 
Calibration 

Percent 
Aecurac . 

1 

Sweep Oscillator 

Hewlctt-Pacl.ard 

G92B 

N/A 


2 

Microwave -Amplifier 

Hewlett-Packard 

491C 

N/A 


3 

Low Pass Filter 

Microlab/FXR 

LA-3 ON 

N/A 


4 

Variable Attenuator 

Narda 

792FF 

N/A 


5 

Frequency Meter 

Hewlett-Packard 

53 G A 

1 year 

= o.os 

6 

Dual-Directional Coupler 

Hewlett-Packard 

767D 

1 year 

±1.0 

7 

Isolator 

Sperry 

D-44S5 

N/A 


8 

Thermistor 

Hewlett-Packard 

47SA 

N/A 


9 

Power Meter 

Hewlett-Packard 

431C 

3 mo. 

i 5.0 FS 

10 

3 Port Rf Sampler 

Varian 

Special 

N/A 


11 

Water Lead . 

Eimac 

WL-204 

N/A 


12 

Thermometer Set 

Varian 

Special 

1 year 

4 1.0 

13 

Low Pass Filter 

Microlab/FXR 

LA-3 ON 

N/A 


14 

Variable Attenuator 

Narda 

791FM 

N/A 


15 

Spectrum Aoalyzer 

Hewlett-Packard 

0 0 uO 

3 mo. 

±3.0 

16 

Oscilloscope Camera 

Hewlett-Packard 

197 A 

N/A 


17 

Low Pass Filter 

Microlab/FXR 

LA-30N 

N/A 


18 

Variable Attenuator 

Narda 

792FF 

N/A 


19 

Thermistor 

Hewlett-Packard 

47 S A 

N/A 


20 

Power Meter 

Hewlett-Packard 

431C 

3 mo. 

±5.0 FS 

21 

Low Pass Filter 

Microlab/FXR 

LA-30N 

N/A 


22 

10 dB Attenuator 

Weinschel 

530-10 

N/A 

4 

23 

Crystal Detector 

H ewl ett - Pac ka r d 

420A 

N/A 


24 

Oscilloscope 

Tektronix 

545A 

3 mo. 

±3.0 

25 

Collector Flov Meter 

Fisher and Porter 

0-40 gpm 

3 mo. 

±2.0 FS 

26 

Body Flow Meter 

Fisher and Torter 

0-4 gpm 

3 mo. 

±2.0 FS 


2 - 


2,2 Equipment List (coat'd) 


ID 

No. 

Description 

Manufacturer 

Type 

Or Model 

Frequency of 
Calibration 

Percent 

Accurxr- 

27 

.Pressure Gauge 

J.P. Marsh 

0-100 psi 

3 mo. 

±2.0 Fi 

28 

Focusing Magnet 

Varian 

H-193 

N/A 


29 

Heater-Magnet-H. V. 
Power Supply 

Eimac 

11919 

3 mo. 

±2.0 F5 
(See me:; 
accuracy 
list) 

30 

Pressure Fixture 

Varian 

0-300 psi 

3 mo. 

±2.0 FS 

31 

m 

Torque Wrench 

Waters 

940-2 

3 mo. 

±5.0 FS 

32 

Signal Generator 

Rhode & Schwartz 

SLRD 

N/A 


33 

Directional Coupler 

Narda 

3043-10 

N/A 


34 

Water Load Flow Meter 

Fisher and Porter 

0-14 gpra 

3 mo. 

±2.0 FS 

35 

S-Band TWT 

Varian 

VTS-6050 

N/A 


36 

Preselector 

Hewlett-Packard 

8445A 

N/A 


37 

W/Gto Coax Adapter 

Narda 

615 

N/A 


38 

30 db attenuator 

Weinshel 

210-30 

3 mo 

+ O.ldb 
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2 a 3 Meter Accuracies for Power Supply No. 11019 


NAME 


MANUFACTURER 

TYPE 
OR MODEL 

RANGE 

PERCENT 
ACC ERA C 

Heater Voltage 


Westinghouse 

DY-2 

0-15 Vac 

±2.0 

FS 

Heater Current 


Westinghouse 

DY-2 

* 0-50 Aac 

± 2.0 

FS 

Beam Voltage 


Westinghouse 

DX 

0-25 kVdc 

- 1 . 0 

FS 

Body Current 


Assembly Products 

461 

9-500 mAdc 

±2.0 

FS 

Beam Current 


Weston 

301 

0-3 Adc 

± 1.0 

FS 

Magnet Current 


Opad Electric 

0-25 

Adc 

±2,0 

FS 
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APPLICABLE DOCUMENTS 


NAS— 5-2 0601 

NASA Technical Specification #73—15029 

Palo Alto Tube Division Quality Assurance Operating 
Procedure Manual 

Technical Manual S-Band Klystron Power Amplifier Subsystem 
Model 11-076 

DESCRIPTION OF TESTS 

4=1 Test: Hydrostatic Pressure 

Procedure: Fill the body and collector coolant lines 

with coolant and pressurise to 125 psi. 

RECORD OBSERVATIONS 


Verification: There shall be no evidence of coolant 

leakage. 

4.2 Test: Body Coolant Pressure Drop 

Procedure: Connect a differential pressure gauge across 

the body coolant lines. Set the flow rate at 
1.2 gpm and read the pressure drop. 


RECORD PRESSURE DROP 


Verification: The pressure drop shall not exceed 65 psi 


4.3 Test: 


Collector Coolant Pressure Drop 


Procedure: Connect a differential pressure gauge across 

the collector coolant lines. Set the flow 
rate at 18.5 gpm and read the pressure drop. 


RECORD PRESSURE DROP 


Verification: The pressure drop shall not exceed 40 psi. 


4.4 Test: Heater Current 

Procedure: Apply heater voltage and adjust to 7.5 volts. 

The surge current should not exceed 24 amperes. 
After five minutes, read the heater current. 


RECORD HEATER CURRENT 


Verification: The heater current shall not fall below 

9.5 amperes nor exceed 13.0 amperes. 

4.5 Test: T uner Torque 

Procedure: Tune each cavity over its specified range 

(see tuning curves) using a 0-100 inch-ounce 
torque wrench tool. Observe the maximum torque 
encountered . 


RECORD MAXIMUM TORQUE 
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Verification: The torque required to tune the tube shall 

not exceed 8 0 -inch-ounces . 

4.6 Test: Focusing 

Procedure: The klystron shall be electroraagnetically 

focused by the H-193 electromagnet assembly. 
The voltage source shall not exceed 200 volts 
The optimum value shall be determined during 
preliminary testing. This optimum value will 
be used throughout the series of tests. 

RECORD FOCUS VOLTAGE AND CURRENT 


Verification: The focus current shall not exceed 25 

amperes. 

4.7 Test: Beam Voltage 

Procedure: Apply heater voltage as per Paragraph 4.4. 

Apply voltage to the electromagnet assembly 
and adjust to specified value. 'Apply beam 
voltage and adjust to specified value. 

RECORD BEAM VOLTAGE 


Verification: The beam voltage shall not exceed 22.0 kV. 

4.8 Test: Cathode Current 

Procedure: Operate the klystron as per paragraph 4.7. 

Allow 5 minutes for the current to Stabilize. 

RECORD CATHODE CURRENT 
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Verifications The cathode current shall not exceed 

2*78 Adc . 

4.9 Test: Emission 

Procedure; Operate klystron as per Paragraph 4.7 for 

15 minutes, after which the heater voltage shall 
be reduced to 6.75 volts. After 15 minutes of 
stabilization at the reduced heater voltage, the 
beam current shall be measured. 

RECORD CHANGE IN BEAM CURRENT 


Verification: The change in beam current shall not exceed 

200 mA. 


4.10 Test: Power Output 


Procedure : 


Step 1 

Step 2 

Step 3 

Step 4 
Step 5 

Step 6 
Step 7 
Step 8 

Step 9 


Connect equipment as shown in Figure 5.1 and 
operate per Paragraph 4.7, 

Actuate tuning mechanism to achieve tuning 
for Channel 1. 

Increase rf drive and observe output response 
with crystal detector. 

Switch sweep selector to manual. 

Adjust rf drive power level and rf drive 
frequency to achieve rated power output a 1 '; 
point of maximum power output. 

Set recorder Y-axis drive level. 

Set sweep time to ten seconds. 

Record drive levels to 0 dB and -1.0 dB and 
leave attenuator set for 0 dB level. 

Disconnect Y-axis of recorder from drive power 
bridge and connect to output power bridge. 
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4.11 


Step 10 Set sweep selector to manual and adjust 

frequency to point of highest power output. 

Step 11 Observe water load temperature differential 
and calculate power output. 

Step 12 Record power output. 

Step 13 Adjust output attenuator to produce a point 
on the recorder Y axis to coincide with the 
0 dB line drawn in Step 8 . 

Verification: The power output shall not be less than 

24 kW measured on the highest point within 
the specified bandwidth. 

Step 14 Record output trace. 

Step 15 Calibrate the X axis using frequency meter 
and manual sweep. 

Step 16 Repeat Steps 2 through 5 with reduced drive 
to obtain data at the 12 kW and 1.2 kW level 

Step 17 Repeat Steps 2 through 16 for Channels 2 
through 6. 

Test: Bandwidth (1 dB) 


Procedure : 


From graphs obtained in Paragraph 4.10 de- 
termine 1 dB bandwidth. 


RECORD BANDWIDTH 


Verification: The bandwidth measured at the 1 dB point 

shall not fall below 20 MHz. 


RECORD ALL PRE SET THUMB WHEEL SETTINGS 
FOR SIX CHANNEL OPERATION 
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4.12 Test: Gain 

Procedure: While operating as per Paragraph 4.10, com- 

pute the rf gain (10 x log power out/drive) . 


RECORD GAIN 


Verification: This gain shall not fall below 45 dB at 

the 24 kW level. No more than 750 milliwatts 
will be required within the 24 kW to 1.2 kW 
range . 

4.13 Test: Efficiency 

Procedure: While operating as per Paragraph 4.10, compute 

the efficiency: 

rf power output 
dc power input 

RECORD EFFICIENCY 

Verification: The efficiency shall not fall below 37% 

at the 24 kW level. 

The efficiency shall not fall below 17% 
at the 12 kW level . 

The efficiency shall not fall below 1.5% 
at the L . 2 kW level . 

4.14 Test: Warm-Up Time 

Procedure: Operate klystron as per Paragraph 4.11, 

allowing a maximum of 5 minutes heater warm-up. 

OBSERVE POWER OUTPUT 

Verification: The tube shall produce rated output power. 
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4.15 Test: Body Current 


Procedure: Observe klystron as per Paragraph 4.10 and 

observe body current. 


RECORD BODY CURRENT 


Verification: The body current shall not exceed 75 mAdc. 

4.16 Test: Amplitude Response 

Procedure: From graphs obtained in Paragraph 4.10 de- 

termine the maximum amplitude variation over 
center 20 MHz of bandpass. 


RECORD AMPLITUDE VARIATION 


Verification: The tube amplitude response shall not vary 

more than +0.5 dB, (1.0 dB peak-to-peak) 
over the center 20 MHz of the bandpass. 

4.17 Test: Linearity 

Procedure: With the klystron tuned to Channel 3 and 

operating as per Paragraph 4.10, apply drive 
signals of 2064.25 MHz and 2065.75 MHz such 
that the power output for each frequency is 
2 . 0 kW- Measure the third order inter- 
modulation products on the spectrum analyser. 
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RECORD I^ERMODUIATION PRODUCTS 


• *«* * 
L 



J 

\ 





Verification: The third order intermodulation products 

shall not be less than 30 dB below the 
2,0 kW level, 

NOTE: On one selected channel, the 5K70SK-WBT 

will be required to demonstrate specifi- 
cation performance with input line and 
output load VSvTR's equal to, but no better 
than 1,1 to 1.0, 

4.18 Test: Interface 

Procedure: The klystron shall be mechanically inter- 

changeable with the 5K70SG excepting the 
getter, which will be replaced by a Varian 
Vac ion pump. 
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OBSERVE INTERCHANGEABILITY 


4.18 Test: Interface 

Verification: All electrical connections, waveguides, 

coaxial jacks coolant fittings, etc. shall 
interface identically with the 5K70SG ex- 
cepting the getter which will be replaced by 
a Varian Vaclon pump. 


4.19 Test: Spurious Outputs 


Procedure: Setup equipment as shown in diagrams 5.1 and 

5.3. 

The klystron will be operating on Channel 3 with 
a center frequency of 2065 MHz. 

1) With a minimum of 30 db attenuator set in precision 
attenuator apply sample of R.F. signal from T.U.T. 

2) Adjust spectrum analyzer display for lOMHz/Div scan 
width (100MHz full scan) 300 KHz I.F. bandwidth 

Sweep rate - any convenient rate to maintain 
calibrated display. 

3) Tune spectrum analyzer to output frequency of T.U.T. 
and adjust analyzer attenuator controls to place top 
of response on 0 db reference line of display. 

4) Retune spectrum analyzer for center frequency of 
2250MHz (100MHz full scan) . 

5) Remove 30 db precision attenuator* 

(reference line now corresponds to -30 db below 
carrier signal) . 

6) Observe spectrum analyzer display for any signals 
greater than -85 db below carrier. 


RECORD SPURIOUS OUTPUTS 


Verification: Spurious signals in the 2200 - 2300 MHz 

range shall be less than -85 db carrier. 
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4.20 Test: 


Random Noise 


Procedure: While operating as per Paragraph 4.10 and tuned 

to Channel 3, a portion of the rf output will be 
sampled as a do reference representing 24 kW. 

This dc level will appear as a straight horizontal 
line on the oscilloscope. When switched to ac 
coupling and increased sensitivity, the scope 
will exhibit a trace configuration mainly de- 
termined by the ripple of the power supply. The 
ac components riding on this ripple will display 
random noise frequencies which -when compared in 
amplitude to the original dc voltage representing 
24 kW will yield a random noise figure. (20 
log voltage dc / voltage aQ< j 


RECORD RANDOM NOISE 


Verification: The random noise shall be at least 60 dB 

down from 24 kW. 

4.21 Test: Tuning Curves 

Procedure: Operate the klystron as per Paragraph 4.10, ex- 

cept beam voltage shall be 10 kVdc. Apply 
swept drive of 10 mW or less and synchronously 
tune the tube with unsaturated drive over the 
specified frequency range. Observe each cavity's 
number of turns from the low frequency stop. 


RECORD CAVITY TURNS 

Verification: A tuning curve shall be given for each cavity 

starting from the low frequency stop. 
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4.22 


Test : 


Output Power Stability 


Procedure: While operating as per Paragraph 4.10 but with 

a minimum warm-up and stabilization time of 20 
minutes, a power stability run of at least 8 
hours will be initiated. At 2-hour intervals, 
all input parameters to the klystron will be 
adjusted to those values established at the 
initiation of the test. 

RECORD POWER OUTPUT AT 2 “HOUR INTERVALS. 

Verification: Power output does not vary more than 

■ +0.2dB over an eight -hour period. 
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5.0 TEST SYSTEM BLOCK DIAGRAM 


5.3 Spurious Output 
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6.0 TEST PERFORMANCE DATA SHEETS 

b.l Bower Output, Bandwidth, Efficiency 
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5 K 70 SK-WBT Serial Wo 
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b.ti TEST PERFORMANCE DATA SHEETS 

b.l Powur Output, Bandwidth, Efficiency 
and Gain 
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12.0 

1,2, 

1.2 


Q T 

7 60 


— 

7 6u 


17.0 ■ 

A,i. 

1 . 6 

— 

-5.LQ 

4 6 

&JU?. 

4 5 

— 


— - 75 

11 


/6 

2 ./, 7 

20 

iUJf 

20 

-- - 

7.5 

7.5 

i . c > 


7 . 

iO,(t 

13.0 


— 

1 j . ij 

-LX* — 

____ 25.0 

JJe, 

— — 

i o . U 

<±&£. 

+0.-5 

•c*g.f 

— 

_H J . 1 j 


J 





Channel No* 




24 kw 

Parameter 

Symbol 


Min Max 

Frequency 

Fi 

2?<t5 

— 

Beam Voltage 

Eb: 

Z^Z 1 

22.0 

Beam Currant 

lb: 

2-6 

2.78 

Power Output 

Pa: 


24.0 

P.f Input Power 

Pd: 

zzo 

750 

Efficiency 

Eff: 

4 1-1 

37,0 

Oa m 

Gain: 

jro.tfi 

45 

Body Currant 

Iby : 

3S 

75 

Bandwidth 

Bw : 

22.6 

20 — — 

Ik u ter Voltage 

tf : 

7.5 

7. 5 

Heater Current 

If: 

/Or& 

13.0 

Magnet Current 

Im: 

/£> 

2 5.0 

Amplitude Response 

G: 

£.-t.OX 

1 0 . 5 


Tested By 

UJ ft /0 \AffcR 


Date 

Juerp j 

Vurran QAH 


£9 

Date 

6 /*A 

Customer QAR 



Date 

two 

dAr/7 


fa. a test performance data sheets 


fa. 1 Powui output, Bandwidth, Mftitouncy 
and hiiin 




5K70SK-WBT Serial ^o. 2- 



UNI 1 

MH2 

kVd. 
Adc 
kW 
niW 
i 
dB 
inAd 
MHz 
''.in 
A. a 
Ad( 

vili 


E 

















Warm-Up Time 
5 minutes 


?o 




Comments : 


Emission 


A lb 


/ o 


Comrrient: 



6.3 Warm-Up and Emission Tests 






5K70SK.-WET 

KLYSTRON 


WATER FLOW, PRESSURE DROP AND STATIC PRESSURE DATA 


SYMBOL 


MIN. 


Flow 


Flow: 


18.5 


Pressure Drop A? 


Flow 


Flow 


Pressure Drop AP 


STATIC PRESSURE 


125 psig 


\&* NO Leakage 


Tested By u $ 
Varian QAR 
Customer QAR 


DATE 


DATE 


DATE 



6.0 TEST PERFORMANCE DATA SHEET 

6.4 Water flaw, cressure drop and Static 
pressure data - 21 - 



TTJNER TOP.Qr:u 


PARAMETER 


SYMBOL 


MIN. 


*-vrnr 
_ *4 JL A. O 


Torque Tq 

Cavity A 

Cavity B 
Cavity C 
Cavity D 
. Cavity E 


(eJL 

A fjj 

2JL 


30 in.oz 



6.0 TEST perfcpma:. JE DATA SHEET 
6.5 Tuner Torque 


DATE 

DATE 

DATE 


6 / c /-rs^ 

£/2 /yj ~ 



5K70SK-WBT 

TUNING CURVRmGlNAL 

0E POOR QtfAU^X 

Serial # 
Date & 

CAVITY _ 

1. 



Ins 


:sn! 








iSSSI 


6 * 0 TEST PERFORMANCE DATA SHEET 
6.6 Tunins Curves 


FREQUENCY MHz 










THUMBWHEEL - VEEDER ROOT SETTINGS 


5K70SKrWBT Serial » 



2035 2050 2065 2080 2095 2110 

6 . 0 TEST PERFORMANCE DATA SHEET FREQUENCY MHz 

6.6 Tuning Curves 


IX 


■ ITTTT 



5K70SK-WBT 
TUNING CURVES 


CAVITY C 


A.T , PAGE 


Serial # _*£, 

Date (j ■'S'" 7(5”" 








THUMBWHEEL - VEEDER ROOT SETTINGS 


5K70SK-WBT Serial » _J£ 

TUNING CURVES ' Date 


fK 

is 

r 


a 


41 



CAVITY 


1000 

900 

800 

700 

600 

500 

400 

300 

200 

100 



2035 2050 2065 2080 2095 2110 

TEST PERFORMANCE DATA SHEET FREQUENCY MHz 


6.6 Tuning Curves 


- 23 - 



THUMBWHEEL - VEEDER ROOT SETTING 


5K70SK-WBT 
TUNING CURVES 


Serial # 2 
Date 


CAVITY B 



2035 2050 2065 2080 2095 2110 

6.0 TEST PERFORMANCE DATA SHEET FREQUENCY MHz 

6.6 Tuning Curves 



5K7Qsk-;;b? s/n 
KLYSTRON 


RANDOM NOISE TEST 


PARAMETER SYMBOL 


MIN, MAX, UNITS 


Frequency 

F: 

20.65 



Power Output 

?o: 

7‘Z'O 

24.0 

kW 

Random Noise 

Nr: 


-60 

dB 


Tested By 

Varian QAR 
Customer QAR 


GJt'fy. 




2h*~**JL 2i 


DATE 

DATE 

DATE 




6.0 TEST PERFORMANCE DATA SHEET 


6.7 Random Noise 


S/M 


' • - ' ' ' ' T ^ rnv • Wi.-™ ™ 7~ wl* - ■ n r " 

5K70SK-W3T 

KLYSTRON 

: 

SPURIOUS OUTPUT TEST 


PARAMETER 

SYMBOL 

• 

MIN. 

MAX . 

TIITS 

Frequency 

F: 

2065 




Power Output 

Po : 

i.q.o 

24.0 

— 

kW 

Spurious Output 

NF: 

> 70 


-85 

dB 


\ 

\ 

\ 

\ 

\ 



6.0 TEST PERFORMANCE DATA SHEET 
6.8 Spurious Output 


DATE 

DATE 

DATE 


o/y/ys- 

*/ 3 f 7^ 






\ V 


4 Z 4 »- 1 «-tl H 10/71 
TEST DATA SHEET 


SK7QS/c-^r ^^\^ N Q. 2-- 

FILAMENT VOLTAGE 3 V 

FILAMENT CURRENT IQ « ^ A 
MAGNET CURRENT / G? A 


■■■■■■■■■■■■■■■■■■■■■ 

BBBBBBBBBBBBBBBBBBBBB 

■BBBBBBBBIBBBBBBBBBBB 

BBBBBBBBBBBBBBBBBBBBB 

■■■■■■■■■■■■■■■■■■■■■ 

BBBBBBBBBBBBBflBBBBBB 

■■■■■■■■■■■■■■■■■■■■ 

BBflBBBBaBBBBBBBBBBBa 

■BBBBBBBBBBBBBBBBBBB 

■■■■■■■■■■■■■■■■mail 

!■■■■■■■■■■■■■■■■■■■■■ 


IBBBI 


CHANNEI ' 

BEAM VOLTAGE 22_ _kV 
BEAM CURRENT 2 • & A 
BODY CURRENT _L_fL_ mA 


DATE:. 


POWER OUTPUT 
DRIVE POWER _ 
GAIN 



BBBBBIIBBIBBBIBIIBB 

BBBBBBBBBBBBBBBBBBB 


■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBE: • 

^hbhbbbb mt 1 m m a m & m m » » 





BBBBBBBBBBBBBBBB 
BBBBBBBBBBBBBBBB 

MsiSBSS BHBKBBM 


BBBBBBBB BBBBB BBB I 
■■■BIBBBBBHB 
EIBSC? 


■— ■fJBBBBBB BBBBBBBBB BBBBI 

BBSS' 


IRSSSRRSRSSSB 

IHBiaiif ia 8 fffi!r« 

ihtj9BB 


mmi 

ibb— — — — 8 

iBBi i— 
BBBIIBBBI 
■fittwaaMi 
BV.BBBBBI 
BfiBBBBBI 

IsHSBiij 



Bl 


bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbBbbbb 

aMmiMffllllMi 

H U- 



I BBBBI 


BBI 


ssSsisigi— BSBBSBl 

Ebbvbbbbbbbbi 


KiSSi^H 

IB11B BBBBBBBBBBBBBBBBBBB I 

Ebiibbbbbbbi - 

|5jlB BBBBBBBBBBBBBBBBBBB 3 

■ ■■BBBBBBBBBBBBBBBB BBBBI 
I BBBBBBBBBBBBBBBB BBBBI 
R1BBBBBBBBBBBBBBB BBBBI 

■■SSSSSSSSSSSSSSHi 

^ ? 'IBBBBBBBBBBBBBBl 

B I^^^^^^Sm bbbbbbbbbbbbbbI 

iSisSasSfiiassSiisis ssssSSSsis 



BBBBBBBBBB MBBBBI 

Hbbbbbbbbb£mhmb 

IBBBBBBBBBBB 

■■■■■SSSSaMp m mm 

ibbbbbbbbbbbbbbbbbI 


IBlBBBflBBBBBBBBBflBBBBBBBBBBBBBBBBBBBBflBBBBflBBBBBBflBBBBBBI 

:Bssss5as2ss:ssBssss:s5BSs:ss8BSBB:ssBass:s:ssss:sssss»i 

iBBBSBSSBBSSBBBBBSBBSBBSBBBSSBSSSSSBSSBSBSSBSBSSBSBSBBBB: 

IBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 

■bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbi 




IBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 
IBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBflfliil 
[BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 

KSSSSS&BSSSSSSSSSSSSSSSSSSBSSBSSSSSBSSSSH 

E:sBBSBB:Bs:sBS 8 ssisBSsass 8 SBBasass 5 SBsa 


■■■iBBBflai ibbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 


IBBBBBBBBBB1BBBBBBBBBBBBBBBB 

IBBBBBBBBBBkBBBBBBBBBBBBBBBB 

IBBBBBvlB 

■BBBBBBBBBBkBBBBBI .. , 

|BBBBBBB BBBBBBBBBBBBBBBBBBB I 

:::::::::::::::::::::::::: 

(BBBBBB BBBBBBBBBBBBBBBB BBBBI 

sss»ssisssss:sl:s:s»sKs 


• 

1 

1 

* • 




FREQUENCY MHz 26 

















St' 7c SA'-S^/?r s FR I A |_ NO. '2- 


CHANNEL 


f 


V 


V 




DATF: 6? 1 ,Z- 7^ BY: U/ Ap 


FILAMENT VOLTAGE 7 r ^ V 

FILAMENT CURRENT I f A 

MAGNET CURRENT . A 


BEAM VOLTAGE 2?^ kV 
BEAM CURRENT 2, C A 
BODY CURRENT ..jL-g jLmA 


POWER OUTPUT 24 kW 
DRIVE POWER 5HC mW 
GAIN dB 











4 240-1 0-2 B R10/7* 



/ r 5r i tAJ serial NO. 2- 


CHANNEL 


FILAMENT VOLTAGE 
FILAMENT CURRENT 
MAGNET CURRENT 


BEAM VOLTAGE kV 

BEAM CURRENT *2/ fc? A 
BODY CURRENT __L2__mA 


POWER OUTPUT 
DRIVE POWER _ 
GAIN 


FREQUENCY MHz 


original: page is 




















yo5'.^-cc/3r ^ n ial no. 


CHANNEL 


FILAMENT VOLTAGE „ 
FILAMENT CURRENT J 
MAGNET CURRENT _ 


BEAM VOLTAGE 
BEAM CURRENT 
BODY CURRENT 


POWER OUTPUT 
DRIVE POWER _ 
GAIN 


FREQUENCY MHz 












4240*10*29 RIO/73 
TEST DATA SHEET 


Sg/CJAH-ugr SERIAL NO._Z_ 


CHANNEL 


DATE: C" £ ~ 7b BY: li' ft ft 


FILAMENT VOLTAGE __ ? i 5L . V BEAM VOLTAGE _?L?L__kV POWEFl OUTPUT ^ kW 

FILAMENT CURRENT .LC A BEAM CURRENT k- A DRIVE POWER 3 HZ m W 

MAGNET CURRENT JL L. .. A BODY CURRENT mA GAIN dB 



HS! 


Si'SSSSS 


Wftte w>oa ^ 
















J /^7<V5A'-Cv&r SERIAL NO. 2- 


CHANNEL 


DATE: 


FILAMENT VOLTAGE 
FILAMENT CURRENT 
MAGNET CURRENT 


BEAM VOLTAGE /? ^ kV 
BEAM CURRENT A 

BODY CURRENT ! m/ 


POWER OUTPUT 
DRIVE POWER . 


FREQUENCY MHz 












4240*10.23 RIO/73 
TE»T OAT* 3H*«T 


serial no._Z_ 


CHANNEI £ 


DATE: _fc lAlZi BY . 1 0 ft ft 


FILAMENT VOLTAGE % V 

FILAMENT CURRENT LCl^L A 
MAGNET CURRENT / k A 


BEAM VOLTAGE _KV 

BEAM CURRENT ^ A 
BODY CURRENT mA 


POWER OUTPUT -2-H kW 
DRIVE POWER mW 

GAIN dB 





r ii - mu ~i i 1 1 iini-*ai itrm wno 


FREQUENCY MHz 


- 26 - 










'- v 


"W. • \n . ' 


f/z 705 /S-Ct&r SF 3 IAL NO. Z- 

FILAMENT VOLTAGE ^ ^ V 
FILAMENT CURRENT _ ULU. A 
MAGNET CURRENT JJl A 


CHANNEL 


DATE:. 


BEAM VOLTAGE XA k\ 
BEAM CURRENT % A 


BODY CURRENT 


POWER OUTPUT f rA kW 

DRIVE POWER Cgju mW 

GAIN J~ 2 .$ d g 


ISSSSS5SSSSSSSSSSSESI 

BauBan&iiaaaiBBaBBafiBi 


immi 


IBBBBBBBI 


ibbbbbbi 

IBBBBBBI 


sssssss: 


ia 

IB 


BBB BBBI 

■m 


BBB B BBBBBBI 
^HBBB BBBBI 


R hBBBBflflBBBBaiBBfll 

Ibbbbbbbbbbbbbbh 

■■■■■■■■■■■■■■■■■■■■■ 


IBB BBBBBB BBBB BBBBI 


IB BBBB BBBBBBI 


IBBBBB 


■Mil 

BBBBI 


ibbsbI 

■ABB BBBBBBBBBB 

Ebbbbbbbbbbbbb 


BBfll 


IBBBI 


i£^BBBBI 

IBBAk^BBI 


I^.ybbbbbbbb i 




IBBBBBBBBI 
ibbbbbbbbS 

I BBBBBBBBBB I 


iBBBBBBi 


IBBBBBBI 


IBBBBI 


!*BBBI 


IBBI 


mrM 


HW ® 8Q B B G5 tS j 
pBiBaaiNB 

■iibuiii 

IIIIIIIIIbbbbbbbb 

IBBBBB BBBB BBBB Bail 
IBBBBBiai3G1BaB0iEiB» 
IBBBBBB BBBBBBBBBB] 

RBBBr^Bk ■ ■■■! 
IBBBBBBBBI BBBB 
IHl BBBBI 


Hi«Brju 

■BBBBBBUAU 
IBBBBBBBBI i ■ 


i===rtBB BBBBBBBBBB BMLBBBrBVB 


IB BBBBBBBBBB BBBBBBBBBB BBBB BBBBBB BBBBBBBBI 


■■■BBB flllOHi 
IBEBBBBB BBBBBBBBBB 


»:s 8 H 8 s: 


IBBBBB BBBB BBBB IBBBBBB BBBBBBBBB 


IBBBBI 

IBBBBI 


:s 


^^^^■IBBBBBI 
BBBBBBBBBB ■■ 


IBBB BBBB BBBBBB BBl IBBBBBBI 


IBBBBBI 


IBBBBBB BBBBI 


IBBB BBl IBBBBBBI 


BBBBBB BBBBBBBBBB BBBBBBBBBB BBBBBBBBI 


■■■■■■■■■■■■■■a 

IHSB 

IBBBBBB BBBBBB BB 


IBB'JBBBBBBBI 


BBBBBBBBI 


^^■ffiBI 
IBBBBNH 
IBBBB AH 
IBBB V BBl 
■BBFJBBI 


IBBI 


MBBBBBBBfl 
IBBBB B BBBBBI 
IBBBBBM^^H 


IHRiHS 9 !»l»li 
■ BBBBBBBBBB 
IBBBBBBBBBBl 


I BBBBBB BBBB BBl BBBBBBI 




IBBBBB 


iSSSSSSSS 

IBBBB BBBB 


BBB BBBBBB BBB BBBI 
BBBBBBBBBBBHH 


ISSSSI 


IBBBBBBBBI 


BBBBg8 BSB 


IBBBI 

IBBBI 


IBBBBBI 


IBBBI 


m— ii i 

■BBBBFil 


IBBBBBB BBBBBBI 


! 8 ! 


IJBI 


Hbbbh 
IBBBBBBI 


IB BBBBBBBBBB I 


HBHBBB BBB^UrnBBBl 

ISSSSI 

iBtiB&ViS <£■{£! 


^^■^■bbibIibbbb 
ibbbbbbbb BbbiibbbbI 

■BBBBBBBHBHBPIBaBItflBBBl 


IBBBBBBB 


Mmm 

■SSSSl 


iSSSi 


IBBBBBBBBI 


IBBBBB BBBBBBBBBB BBBBBBBBI 


!bmSSSSSbBBBm! 


sissOSa 


IBBBBI 


si 


1888 


IBBBI 


IBBB BBBBBBBBB 


IBB BBBBBBB BB 


B'iBBBHHHI 
BBBBBBBBB BBBBBBBfl 
KjBBBBBBBB BBBBBBBBB 

KBBBBBBBBBBBBBBBBBBB 
BBBBBBBBBB BBBBBBBBBB BBBBBBBBB 
BBBBBBBBBB BBBBBBBBBB BBBBBBBBB 
KmBBBBBBBBBBBBBBBBBBBBBBBBBB 


pbbbbbi 

S ■BBBBI 
«■■■■ 
BBBBBBBBBBBI 
■BBBBBBBBB Bl 
■■■■■BBBBBBI 


bbbbbbbbbbb^H 

■BBBBBBBBB BBBB 


■BBl 


■■BBBBBBBBI 


IBBBBB BBBBBBBBBB BBBBBBBBBB 
■■■■■■■■■■■■■■■■■■■■■■■■■ 



■■■■■■■■■ 


■■■■^HH 
^■h^^^^Iiiiiiiiiiiibbi 

■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■I 

■■■■■■■■■■■■■■■■■■ ■■■ ■■■■■■■■■■■■I 

■■■■■■■■■■■■■■■■■■■■■■■■■■■BBBBBBI 


i^SSSl 


■a 3 

IBBBBi 


iiiii 

!■■■■ 




FREQUENCY MHz 






4»>9-l»>n ® '<0/7* 


- 5~/£7C S£^-tA’3_7 ' SERIAL NO. _? r . 


CHANNEL 


DATE:. 


(j ' 7~7 BY: 


FILAMENT VOLTAGE 
FILAMENT CURRENT 
MAGNET CURRENT 


BEAM VOLTAGE kV 

BEAM CURRENT ^A 

BODY CURRENT / mA 


POWER OUTPUT f A - kW 

DRIVE POWER / ^ mW 

GAIN SO,S dB 


■■■■■■■■■■■■■■■■a 

■■■■■■■■■■■■■■■■a 


Biimm 


laaaajrai 




■BIBBIBBflBIBBBBBBflBBBBBBBBBIIflBBBBBBBBBB«iH<IBIB 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBflBBBBBBBBBBilLBBBBr 

■■■■■■■■■■■■■■■■■iiBiiBiiiiiiii iiiiia iiit SS bbbb 

IBBBBBBBBBB BBBBBBBBBBBB lflBBIBl 
■MflHH|IBBBBIBIBBIIilBBBBBim 
■BBBBBBBBBBBUBBtlBBBB 
BBBBBBflflBBflBI 1 BBIKII 
BHBBIBBBRBBBB 1 BBBBIB 
■■■!■■■■■■ 1 


■SBBBllBBaBBBj 
■BBUBBBBBil 
BBBBBl BBBBbB 

^■■bbbbbbbbbbb] 

IB*BBBBB 

Ebbbbbbbbbibbbbb 

. IBBBBB BBBBBl 
■■■■■BBBBBB 

llBBBlIHHB 
IBBBBB BBBBBl ’I 
BBBBBBBIBBkMl 
IBB1BBB 
IBBBBBBBBBMBBB 
IBBBBBIBBB 
BBBBBBBBBBBBBB IBB I 

S HBBBBBBBBBBB|k1BB 
IBBBBB BBBBBBBkBfl I 
IBBBBBBB1B 
BBBBBl BBBBBBBBPI 
■ BBBBBBBBBBBBI « I 
■BBBBBBBBBBBBBB 
BBBBBBBBBBBBBB 
BBBBBBBBBBBBBB 
BBBBBBBBBBBBBB 
HHMBuBG&BMilEtiiaKj 


IBBBBB^BBBBBB 

!””!■■■■■■■■■ 


S ii«^ll lMBBBBi TA^y: 

IbbhUbh 

■BBBBBBBBB 


■BBBBBl 


i 



FREQUENCY MHz 


26 








4 240-10*2* ft 50/7* 
T t IT DATA SHCCT 


TK7CS£-U3r SFRIAL N0._2=l 


CHANNEL 


DATE: O' ’ 3 ' 7 *> 


FILAMENT VOLTAGE /, n._ V 
FILAMENT CURRENT ! C t (c ~ A 


BEAM VOLTAGE 


MAGNET CURRENT 


BEAM CURRENT 
BODY CURRENT 


2 - k V 

< Cr A 


POWER OUTPUT I / Z kW 

DRIVE POWER 0 i jL mW 

GAIN .^- 7 dB 


GAIN 


■■■■■■■■■■■■a 

■■■■■■■■■■■■a 


■■■■ ■■■■■■■■■■■■■■a 

a a a a ■■■■■■■■■ 


BBBBBBBBBBBBBBB 


■■■■■■■■■I 
bbbbbbbbbB 
MW MWBBBBBWBI 
^■■IIB B BBBIBBBB BB I 
■!■■■■■■■■■■ 
B^BBBBBBBBBB 

basasssasasd 

an 



u . i u j li ii i i f i i mm 



V V 


S/C7Q^-C^r SERIAL 


FILAMENT VOLTAGE U S V 
FILAMENT CURRENT ) 0 i.G A 
MAGNET CURRENT Liz A 


CHANNEL _ 

BEAM VOLTAGE 
BEAM CURRENT 
BODY CURRENT 


DATE 


0 


I BY: 


POWER OUTPUT 
DRIVE POWER _ 
GAIN 


lt> mW 
dB 


■Bb ■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ fli 
lijiiiiiaiiiiiiiaiaiiiiiiiiiiiiiiiiiiiuiiiiiiiiiiniiii 
BiiiiiiiiiHiiaiiiaaiiiiiiiiiiiiimiiiiimiiiigiiiiHi 
HBBBiaiiiiiiiiiiiaBmiiaimiiiiimiiaiiiiiiaiiiaui 
■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 
■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 
■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 
■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■BBBBBBBBBB 
liiaaHI3BlBBViaflfll«H«liaRHIia»IBIBflBBlUIIBBiaBBflMHMi 
llBBBiaiBBBIIIBIIIIIBIIIIIBIBIBBIBlIBBIBBBBBIII 


, A ■■■■■■■■■ • ■ - - 

!»SssS»UaEss»:HiH»siSsi» 


■■■■IH^^HBBBBBBBBBBBflBBBBflBBBBBBBBBBBBBB 
IBBBBBBr ■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 

Baaiaiiiga-" — 

■bbbbbbbbbbbbbbbbbbbbbbbbbb 

IBBBBBBBBBBBriBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
■■BBBBBBBBB'BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBgBBBBBBBB 


BBBBBB 

BBBBBB 


BBBBBB 
BBBBBB 
■ aiBBBB 


£?■■■■ 

BBBZBB 

BBBBBB 

S UBBBB 

Ibbbbb 

■BBBBB 


BBBBBB 


SESSSSSSBSSSSSSKSSSSSSSBSSSSSSSSSEi 

BBBBBBBBBBBBBBBF4BBBBI 

IBBBTBBBBBBBBBI 


I ■■■■■■■■■■■■■!<■■■■■■ ■■■■■■■■■■■■ 

biMBBB BBBBBBJBBBBBBji— — ■ — 

P a b a 


■bbjbbbbi 

. IBSSnSBBBSBbBBBBi 

Mill BBBIBBBflBHHHi 


BHmhHHHHHHHHHHHHBHBbbbbbbi 

I'iBBBBBBBBBBBBBBBBBBBBBB BBBBB BBBBB I 
MBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 


BBBBBBBBBB BBBBBB BflBBBBNIBB 
BBBBB BBBBBBBBBBBBBBB BBBBB 
BBBBBBBBBB BBBBBBBBBB BBBBB 
BBBBBBBBBBBBBBBBBBBBBBBBB 
BBBBBBBBBB BBBBBBBBBB BBBBB 


BBBBBB 
1H1BH 
BB1B1 

■■■■■pH 

IBBBBBBB 

IBBBBBBB 

IBBBBBBB 

■BBBBBB 

BBBBBB 

BBBBBB 

BBBBBB 

BBBBBB 

BBBBBB 

BBBBBB 

■BBBBB 


IBBBBB 


■■■■■■■■■■■■■■■■■■BBBBBBBBBB 

■■■■■■■■■■■■■■■■■■BBBBBBBBBB 

BBBBBBBBBBBBBBBBBBBBBBBBBBBB 


BBBBB 

BBBBB 

BBBBB 

‘ 'I; 

!SS| 

■■■Ml 

sssss 


BBBBBB 

BBBBBB 


ISumHH&mmmHmmHmBB 

IBBBBBBB BBBBBBBBBB BBBBB BBBBB BBBBBBBBBB 

ibbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 

ibbbbbbbb bbbbbbbbbbbbbbbbbbbbbbbbbbbbb 

■■■■■■■BBBBBBBBBBBBBBBBBBBBBBBBBBBB 
IEbBBBBBBBB BBBBBBBBBB BBBBBBBBBB 
IBBBBBBBBBBBBBBBBBBBBBBBBBBB ■■■■■■■■■■ 
■IBBBBB BBBBBBBBBB BBBBBBBBBB BBBBBBBBBB 
■■■■■■■■■■■■■■■■■■■■■■■■■■BBBBBBBBBB 
l■■■■■■■B■■■■■■■■■■■■■■■■■■Bfl■■■■■■■■B 
IBBBBBBB BBBBBBBBBB BBBBBBBBBB BBBBBBBBBB 
!■■■■■■■■■■■■■■■■■-■■■■■■■■■■§■■■■■■■■ 
IB BBBBBBBBBB BBBBBBBBBB BTBBBBBBBB 
IBBBBBBB ■■■■■■^■■■BBBBBBBBBB BL^VBBBBBBB 

lfeh!>BBBBBBBB^^BBBBBBBLBBBBBPkinBB|BBBBB 

IBBBil»^---«BBBBBBBBBBBBBBBP'i^BBBiBBBBB 
■ ■■■■■■■■■■■■■■■■■BklBBBNBBBBBBBBBBB 
!■■■■■■■ ■■■■■■■■■■■■■■! BBBL! ■■■■■■■■■■■ 
!■■■■■■■■■■■■■■■■■■■■■■ lfcl'iBBBBBBBBBBBB 
!■■■■■■■ ■■■■■■■■■■■■■■■! i§ubb bbbbnb ir<Bi 

iSSiiiiiiSBBBBSBBBBBBBBBBBB ■■■■■■■■■■ 

■■■■■■■■■■■■■■■■■■■■■■■!■■■■■■■■■■■■■ 
!■■■■■■ BBBBBBBBBBBBBBBB^BBB 

^^^^^M ^WTO^^M^^M^bbbbbbbbbb bt 

■ IH fiB BIB BBBBB I 

nB^BBBBBBBBBBBBBBBBBBSl'SSSSSSSSSSS 
/' !■■■■■■■■■■■■&■■■■■■■■■■■■■■ 
■■■■■■■■■■■■■■■■■■■■■■■■■■ 1BBBBBBBBBB 
■ BBBBBBBBBBBBBll ■■■■■■■■■■ 
■■■■■- ■■■■■■■■■k 1 ■■■■■■■■■■ 
■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■BBBBB 
■■■■■■■■■■■■■■■■■■■■■■■■■■■>«■■■■■■■■■ 
V : ■■■■■■■■■■■■■■ BBBk'BB ■■■■■■■ 
■ BBBBBB ■■■■■■■ BBB ■■■■■■■■■■ R B ■■■■■■■■ 

S ■■■■■■■ BBBBBBBBBB ■■■■■■■■■■■ !■■■■■■■■ 

- - IB BBBBB BitBBBBBBBB 
MBBBBBB ■■■■■■■■■■■■■■■■■■■■ BiBBBBBBBB 
■■■■■■■■■■■■■■■■■■■■■■■■■■■■■IBBBBBBB 
■■■■■■■■■■■■■■■■■■■■■■■■■■■■■IBBBBBBB 

jBBBRBBBBBBB 

V iBkiai * 

■^^■^■■■■■■■■■■■■■HBBPBBB^BBBBB 


■ ■■ 


IIIBBBBBIttt tSBB BBBBBBBBBB 
— BBBBBBBBBB BBBBBBBBBBBBB I 

a iBBBB ■■■■ BBBBB IBB BBBBB BBBBB 
■ ■■■■■■■■■■■■,!■■■■■■■■■■■■ 
■bbbbbbbbbbbbbbbiibb bbbbbbbbbbI 

IBBBBBBBBBBBBBB BBBBBBlligiMM^ 

■ ■■BBBBBiaBBBBB^MMMBjf ^T^ 

■■■■■■■■■■■■■I 


!■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 

isssssBSSBSsssssssBssssssssssssBBSsssssss 

■■■■■■■■■■■■■BBBBBBBBBBBBBBBBBBBBBBBBBBBB 


■BBBBB 

■■■■■■ 


!■■■■■■■—■■■■■— ■■ ■■■■■■PBBBB ■■■■■■■■■■ 
■■■■■■■■■■■■■■■■■■■■■■■■■■W1BB 

Hbbbbbbbbbbbbbbbbbwbb 

■■■■■■■■■■■■■■■■■■■■■■■BkR 

■■■■■■^■■■■■■■B ■■■■■■■ ■■■■■■■■■■■■■ 


IB BBBBBBBBBB jBBBBBBBjjj 


FREQUENCY MHz 


- 26 - 


1 1 


4 240- ID- ZS RIO/7* 
TEST DAT* SHEET 


S/syc St'-u-sr sprial, no._Z_ 


FILAMENT VOLTAGE / « v V 
FILAMENT CURRENT U(Uk A 


MAGNET CURRENT 


CHANNEL 


BEAM VOLTAGE 


OATF: (t ~3‘ 7 *) 


BEAM CURRENT A 

BODY CURRENT MJ2— mA 


POWER OUTPUT 
DRIVE POWER _ 
GAIN 


;■■■■■■■ ■■■■■■. 
aittMaaflifiii 


85 88 «B 888 a 88 BB 88 BBB 8 BBB B 

SIlSSSSSSSSSSSSSSSSSSISSSSSSSSSiSSSS 
■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 
IBBBBBBP^aBBBBBBflBBBflBBBflBBBBk^VHMMMHMMHMMHMHMHMMMMII 

ZZZZZZZZZiiZmm mZmm,m,m.„muunmum»mmw»«mmuu*i 

MSSSSSSSSSSSSS5S!r"SSSSa»i5HHM^?«SSS5?aMB?S5BSSSS9sS55ai5555fliM5B5555S55BS5BSaSaBi 

ms^sm SSSSSS3SSSSSSSS ^^ 


■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■a 
■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■**==»-===?■■■■■■ 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBP^atf BBBBBBBBBBBBBaZBB 
■■«BBflflBflBBBflBBBBBBflBflBBBBBBP5aBBflBBBBflBBBBBBflBflaB£ 
■ ■■■■■■■■■■■■■■■■■■■■■■■ PiU ■■■■■■■■■■ ■■■■■■■■■■■■■ 
*■■■■■■■■■■■■■■■ ■■■■■■■■■■■■■ ■■■■■■■■■■ 

■■■■ 


KBBBBBBBiBBBBp"5BBflBBflBBBBBi?BBBBBflB] 
bbbbbbbbbbpsbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbp^bbbbbbbbhpbbbbbbbb] 

BBBBBBBBPaBBBBBBBBBBBBBBBBBBBBBBBBBBBBBflBBflBBBBBBBBBBBBBBBBBBBBBBBBB'/BBBBBBBflBBI 

saasiaiB^^ 

I 1 B I 


IfliBBBBBBC^^^BBBBBBBBir^BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

ibbbbbbbbbbsb^bbbbbp^bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 

IBBBBBBBBBBBBKSBBPaBBBaBBBBBBBBBBBBBBBBBBBBlBBBBBBBBBBBBB 

!bbbbbbbbbbbbbbb^bbbbKbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbi 


HHHBSS ■BbbbSBSBB BbpbbSSbbbB 

■ BBB fBBBBBBBBBBBB— ■■■■—■ 


■■■■■■■■■■■■■■■■■■■■a 

BIBIIBBIBBBBBBIBIBBBB 

BBBBBBBBBBBBBBBBBBBBBl 

■BBBBBBBBBBBBBBBBBBBB1 


BBBBBBBBI 




BBBBBB'JBPPPBBBBBBBBBBBB 


■BBIBBlIBBBIBBBBaBBBIBBBBIlIBBBBBIIBIBIlIBBBBIlIBBBBBIBBIBBBBBII 

BBBBBBBBBBBBBBBBBBI 

■BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBIBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBflBBBBBBBBBBBBBBBBflB 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 


KBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB! 

riBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

^■■■■■■bbpbbppbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb bbbbbbbbbbbbbbbbbbbbb 

i IBBBBBBBBBBBBBBBBBBBBBBBBBBBBMBBBBMBBBBBBBBBBBBBBBBBBBBBBBBBBm 

1 ■B— ———————————— ■&»# 

I IBBBBBBBBBBBBBBBBBBBBB 

b::::::::::::::::::::: :: ^ ^ . ;; 





- ' yl 


rr- - •r-« — ■ vi 


^ACTOS/C-t, 


SERIAL NO. 


FILAMENT VOLTAGE 
FILAMENT CURRENT 
MAGNET CURRENT 


ZZlZ V 

Oi 0 A 


CHANNEL 


BEAM VOLTAGE 
BEAM CURRENT 
BODY CURRENT 


DATE: 


' 7*T BY:. 


POWER OUTPUT 1*2 kW 
DRIVE POWER mW 

RAIN S3**/ HR 


GAIN 


■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■MB 
>■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■! 


■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■a 



■■■■■■■■■■■a 


BBBBBaBBBBBBBaBBBBBBaaBBBBBBBBBBBBBBBBa 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 


SinBBBBHBHBB 

M niBBIHflBBIBBBBflflBBIflBlIIBBfllBBBUBBBBIfliai 
IbBBBBBBBBBBBBBBBBBBBBBBBBBBB BBBBBBBBBBBBBflW 

[■bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb^hhH 

■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■H^H 

BBBBBBBBflflBBBBBBBBBBflBBBBBBBBBBBBBflBBB»»HHHl 


■■■■BIB 

■■■■■■■■■■■■BBBBBBBBBB 

— MBBBBBB BBBBBBgBg»=a ^BBBBBBBBPBBBfc?BBBBBB 
b—jfigM— — BBBBBBBBBBBBBBBBBBBBB 


BBBBBBBBBBBBBBBBBBBBB 
BBBBBBBBBBBBBBBBBBBBB 
BBBB BBBBBBBBBBBBBBBBB: 
HHBBBBBBBBBBBBBBBBBI 
— BBBBBBBBBBBBBBBBBI 

HMb bbbbbbbbbbbbbbbb 

Isssssssssbsbebss 

^BM SSiiiiBSiKS 

MM^^a BBBBBBBBBBBB 
■■■■■■■■■BBB 


■MMBBIBBBBBflllCWlBIViBBlIBB 
IBBBBBBBB ■■■■■■■■■■ BB9^i3BfiBBB ■■■■! 




illliis 

SBSBSBSSBSBS8SS 




BBBBBBBB 


s: 


BBBBBBBBBB I MB BBBBBBB BBBBBBBBBB BBBBBBBBBB BBBBBBBB 

RRSEsbbssbsbbbbbb^bbbbbbbssbbbbbbbbbbsbbsbbbbsbsbsbs&bb 

I8BBBBBBB3 RBB IBBB3I 


BBBBBBBQBBifiBIiBttHHHH 

bbbb bBbbBb bbbbM BBb 

■BBBBBB BBBBBBBBBBBB 
■ ■■■■■■»■■■■■■■■■■ 
BIBBBBBIBBBIMB'BIBIB 
BBBBBBB BBBBBBBBBBBB 

bbbbbbbbbbbbbbbbbbbHH 

■BBBBBBBBBBBBBBBBBBBBBB 

BBBSB88BBBIBBBBBSSB3BSB 


■ii 

BBS 


BBB 

BBB 

■■■ 

BBB 

BBB 

BBB 

BBB 

BBB 

BBB 

S!" 

iii 

BBB 




iiiilssiiislIsSSSBSBBBSSBSSBSBBE 

|BH| ■■■■■■■■■■■■■■■■■■ I - !l 

ISSSSBBB8BBSBB8SESBSBSSBB& 

BBBBBBBB BBBBBBBB BBHBBBBBi 
HHHHHHVmBBBBBBBB BBBBBBBBBB BBBBBBI 
(■BBBBBBBB ■■■■■■■■■■■■■■■■■■■■■■■ ■■■■ 
IBBBBBBBBB ■ ■■■■■■■■■■■■■■■■■■■BBB^^M 


■■■■■■■■■BBBBBBBBBBBBBBBBBBBBBB 

[■■■■■■■■FiBI 

H Ubbbbbbbjbb ■■■■■■■■■■■■■■■■■■■ 

HBBBBBBfiBBB ■■■■■■■■■ ■■■■■■■■■■ 

Wbbbbbbibbbbbbbbbbbb ■■■■■■■■■■ 


IBBP^BI 


■■■■■■■■■■■■■■■■■■■■■■■■■I 
. (■■■■■■■■&■■■■■■■■■■■■■■■■■■■■■■ 
;«■■■■■■■ ■■■■■■■■■■■■■■■■■■■■ ■■■■■■■■■■■■■■■■■■■■■■■ 
!■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■«■■■■■■■■■■■■■■■■■■ 


SB 



SBSBBBSS 
BSSSSBBB 

Rsbsbbbbb 

■bbbbbbb^h 

BSSSSBBB 


^KbbbB 
■■■■■■■ 
■■■■■■■ 


ksuse 

■ ■BBB 

bbbb|| 

Ksbssbsbssbsbsbbbss 
!■■■■■■■■■■■■■■■■■■■■■■■ 
!■■■■■■■■■■■■■■■■■■■■■■■ 

ibbbbbbb bbbbbbbsbbbbbbbb 

■■■MiiBBBHBgg 


:::::::::: 

■■■■■■■■■I 


BBBBI 

■■■■I 

BBSS 

*888 

!■■■■ 

S'SRS 

■SSL'S 

iiil 

BBi I 


IBflflfll 


!■■■■■■■ 



bbbibbbbMHB 

IBB11BI 

■■biibbbbbbbbbJ 

■■■■■■■■■■■■■I 

■BBK1BBBBBBBI 

BBB ■«■■■■■ BBI 

■bbbiibbbbbbbB 

■■■■((■■■■■■■■I 

■■■■■■■BBB 
■■IBBBBBBBBB 

ISttSBS! 

IBIBBBB BBBI 


IIIIIM 
IBDBBB 
BBBBI 

■ ■■■■■■■,!■■ 
■■■ BBBBBBBB 
■■■■■■■■BBB 
■■■■■■■■BUB 
■■■BBBBBBBB 
■■■■■■■■■■B 
■BBBBBBBBBB 
■■■■■■■■BBB 
■■■BBBBBBBB 
■BBBBBBBBBB 


FREQUENCY MHz 


26 


4MI.IMI * 10/73 
TEST DATA MMEET 


3A-7Q$fc-:&8r SFRIAL no.. 


CHANNEL 


FILAMENT VOLTAGE Y, 0 V 
FILAMENT CURRENT f Qi.b A 
MAGNET CURRENT / A 


BEAM VOLTAGE _j2S_£_kV 
BEAM CURRENT <??>- k? A 
BODY CURRENT t mA 


POWER OUTPUT 
DRIVE POWER _ 
GAIN 


3EEffiI 


i i i i m 


Ml 




:±3=z=j==z: . tm 


L imFEm 


• •• ") 
~n — j~ 


FREQUENCY MHz 


- 26 - 


KsiOlUQ 



4 Z 40 . IO.tS R I 0 / 7 S 
TCST DATA IMCIT 


/c s K-t'- ^ SFR 1 AI NO. 


CHANNEL 


OATF: (p-3-7 1 ) BY: USA Q 


FILAMENT VOLTAGE 
FILAMENT CURRENT 
MAGNET CURRENT 


BEAM VOLTAGE X . X kV 
BEAM CURRENT -*Lr. k A 
BODY CURRENT / . «/ mA 


!■■■■■■■ 

■■■■■■■91 

!■■■■■■■! 


POWER OUTPUT 
DRIVE POWER _ 
GAIN 


■■■■■■■I 


!■■■■■■■! 


■ ■■■■■■■■I 
(■■■■■■■■I 


■■■■■■■■■■ 

!■■■■■■■■■ 

■■■■■■■■■■ 



!■■■■■■ 










■■■■■■■■■■■■■■VI 
!■■■■■ ■■■■■■■■fil 


JIHIII 



iiisiiiiiisiiiiiiigiiiliiHIii 


■■■■■■■i 


!■■■■■■■■■■! 

IMMMHMI 



!■■■■■■■ 


■■■»■ ■■■■■■■■■ 

■■■■■■■■■■■■■a 
■■■■■■■■■«■*! 
■■■■■■■■■■■k' I 
■*■■■■■■■■■»*! 
■■■■■■■■■■■■■r 


iriMBHI 


IM ■■■■■■MM ■■■! 

laasBussHssi 

[■■■■ nssssssiss ! 

!■■■■■■■■■■■■■■■! 


!■■■■■■■■■■! 


5L B .jS!S!:si5iH;iSHgii i5iiiii:iEEi!iiiiiiSsia;. ! ii 

^igaa— 


!■■■! 


■■■■^■■■■■■■■■■■■■■I 


ifi ■■!!■■■■■■■ ■■■■■■■■■■ 

a a a *>■»> m a * u m « m & ae m a * ■ 

IlHURSa 

■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ ■MilMMaM^M^^ 

mmmmmmm^hhmmmmmmmmmmmmI 

SMua 5 a&ttafii 3 BMfcMa«| 

«:sh:sshissss!» 


iMimarjii 


m & is m m m a ei ■■■■■■■■■■■■■■■■■■■ 

■■&■■■■■■■■■■■■■■■■■■■■■■■■■ 
■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 
HHMBBHBHMMMM ■■■■■■■■■■■■■■■■■■■■ ■■■■■■ 
■■>^■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ ■■■■■1 

:3BS!sain:BsiHiiUffirriiiiiSii:aiB 


■■■■■■■"■■■■« 


■■■■■■■■■■■■■■■■■■■■■i 


!■■■■■■■■ 


!■■■■■■■>:■■■■■■■■■■ 
■■■■■■■^■■■■■■■i 
■■■■ ■■■■■■■■^■■■■■» 
■■■■■■■■■■■■ hoA :-! 1 


FREQUENCY MHz 


- 26 - 




yn ^ '■ 


SERIAL NO 2= 

FILAMENT VOLTAGE -Z A _ V 

FILAMENT CURRENT ( Ot & A 


FILAMENT CURRENT 
MAGNET CURRENT 


CHANNEL 


BEAM VOLTAGE 
BEAM CURRENT 
BODY CURRENT 


DATE:. 


POWER OUTPUT 
DRIVE POWER _ 
GAIN 


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMBMMMMMMMMMMMM 







iSli 

iSSSSSBSSSSSSSSiiSSSSSSSSSSI 

n: iskbhs 

^^^^^^^^■EEEEEEEKq 




p8lS8S8-iS88Si 

IlliillllliiliiiiiiilliiiiiliiiiUiinililiiilisllillliliiii 


ES!h88SEEE8888SSS8S88SES88:SESS88SS8SE:e:SE8SEEEEE8 

hmadiu msaWBii sadinaiinpaaiuial 

■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■I 
—■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■I 


|sS3SSS!m!SSSSSm| 



HiissssaiHHHH 

IhIIIHIIIIH 


IMMIIIIIki l 


■ I 

: 






■w 

R 10/71 

TEST DAT* SHEET 


f^USr sfrial N0 2 ^ 


FILAMENT VOLTAGE 
FILAMENT CURRENT 
MAGNET CURRENT 


CHANNEL _ 

BEAM VOLTAGE 
BEAM CURRENT 
BODY CURRENT 


DATE:. 


6-^iZfr 


POWER OUTPUT 
DRIVE POWER _ 
GAIN 


!■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■•■■■■■■■■■■■■■ 

■BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBgggBBBBBBBBBBBgBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB BBBBBBBBB 


■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■a 

bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 



BBBBBBBBBBBBBflBBBBBBBflBBRBBBBBBBBBBBBBPSBBBaBBBBBflHBPBBBBBflBBBiSraBBBBBBBBBBBBBBBBBBBBBflBBBBBBaBBBBBB 
. aBBBflBBBBBBBBBBBBBBBBBRBflBBB^aBBBBBBBBBBBBBflBflBBBBBBBflBBk^aBBBr.:: 
BBBBBBBBBBBflBBBBflBBBBBflBBBBBBBBBBBflP^flBBBBBBBBflBBBBBBBBflBBBBflflBBBBBBBh^BBBBBBBBBBBflBBflBBBBBBBBBBBBBB 
■BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB^BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBfc^BBBBBBBBBBBBBBBBBBBBBBBBBBB 



BBBBBBBBBBBBBBBB JBBBBBBBBBBBBBBB 

I BBBBBBBBBB BBBBBt BBBBBBBBBBBBBBBBI 
IBBBBBriBBBBBBBBBPBBBBBB 
■■^■■BBBBBBB JBBI 

■■BBBflBBf BBBfll jr 

BBHBBffiBBIffigS 1 



BBBBBBBBBP 
BBB BBBBBBB 
BBBBBBBBBB 



1BBBBBBBBBBI 


IBBSBBBBBlBBE^BBBBBBBBBBBBBBBiBBBBBBBBBBBBBBBaBaBB 

V- iv, 1BBBBBBB BBBBBBB BBBBBBBBBB BiBBaBflSaiBfiBBBaBBiRBBBBBBBBBBBBBBBBBRBBBPBBBBBBH 
^^^■^^HrjBBlBBBBBBBBPBPBBflBBBBBBBBBBBBBBBBBBBBflBBBBBBBBBBBBBBflBBBBBBBBBBBBBBBBBBBIlBBBBBBBBBBBBflB 
rJBBBBBBB BBBBBBBBBB BBBBBBBBBBBBBBBBBBBB BBBBBBBBBB BBBBBBBBBB BBBBBBBBBB BBBBBt BBBBBBBBBB I JJ; 
fflBBBBBBB BBBBBBBBBB BBBBBBBBBB BBBBBBBBBBBBBBBBBBBB BBBBBBBBBB BBBBBBBBBB BBBBBB1BBB BBB BBBBBB I 


bbbbbbbbbbbbbbbbbbbbbbbbPBHBBBBBBBB^^H 
BB BBBBBBBBBB BBBBBBBBBB BBBBHBBflflfl BBBBBB BBB I 

i,r a -,ri^ . Bft BBBBBBI • :?:.v 

I BBBBBBBBBB I 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBiVBBBB BBBBBBBBBB: 





OUTPUT POWER STABILITY TEST 


Symbol 


Beam Voltage 
Beam Current 
Filament Voltage 
R.F. Drive Power 
Magnet Current 
Frequency 
Inlet Water Temp 
Power Output 


Power Output 


COMMENT 


6.9.1 Output Power Stability 


T*- "\ v 


4 IM-IO- 1 I HI«/ 7 S 


SERIAL N0._£= 

FILAMENT VOLTAGE Z $ V 
FILAMENT CURRENT JJL- k A 
MAGNET CURRENT JjU A 




CHANNEI L 

BEAM VOLTAGE 7 7 kV 
BEAM CURRENT 7 < (* A 
BODY CURRENT _i_& mA 


DATE: by:. 

POWER OUTPUT 1± 

DRIVE POWER L 

GAIN 


RwMMiiiiiiiiiSiSHMi 


IBBBBBBBBBBBBBBBBBB 


IBBBBBBBBB BBBBBBBI 
mmmwmmmmmmmm 
mmmmmv&mm 


MIIIIIIIIWIIIIIIIHIIliiiiiiiiiiiiimiiiiilMH 

■■■■■a ■■■■aaiaai ■■■■■■■in ■■■■■■■■■■ ■■aaiaiaii ■■■ - 

IBBBBBBBBBBBBBriBBBBBBBBBBBBBBBBBBBflBBBBaBBBBBBBBBBBBa 
IBBBBBBBB JBBBBI 

BBBBBBBBBBBBBBUBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI' 3 • 

bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbBbbbbbbbbbbbb 

sss:asssBS5ssssBasss:sssssssassssnssssssa8s:sBa35Ssss 

aBB8:888888a8B888B:S8888SB8B88:ga:a8888B88|KB8888B888 


BB 


BBBBBBB 


■■■■■■■■ «»■■■■■■■■■■■■■■■■ l 

iSSSSSSSSUSBSi 

BBBBBBB BBBBBBBBBk BBBBBBB I BBBBBBBBBB^Bj 
BBBBBBBBBBBBBBBBBklBBBBBBBBBBBBBBBBBI 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 
BBBBBBBBBBBBBBBBflBilBBBBBBBlIBBflBIflBl 
... . : I BBBBBBB BBBBBBBBBBBBBBBBBBBB] 

SSSSSSBSSSESSBESSESSSSSSSESBBBBSBSSSSS 


FREQUENCY MHz 


- 28 - 




SERIAL NO. 


CHANNEL 


DATE:. 




_ BY: 


FILAMENT VOLTAGE 
FILAMENT CURRENT 
MAGNET CURRENT 


BEAM VOLTAGE 
BEAM CURRENT 
BODY CURRENT 


POWER OUTPUT 
DRIVE POWER _ 
GAIN 













MM 


su 




SERIAL NO .2=^ 


FILAMENT VOLTAGE UP. V 
FILAMENT CURRENT JLD^U. A 
MAGNET CURRENT f Jz A 


CHANNEL 


BEAM VOLTAGE _A.2^k V 


BEAM CURRENT _^u_^_A 
BODY CURRENT mA 


DATE:. 


— -H -7 f i 


POWER OUTPUT 
DRIVE POWER _ 
GAIN 


if'ji 

lilt; 


:s: 


RBBHSRaHBBBBHHHBRHBBflBBBBRgBnBBBflBflBBBBBBBBBBBBBBBBBBBBflBBBBBBBBBlBaBBBaBBBfll 
IBBBBBBBrBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBa^HiMM 

IBBBBBB'JBBBBBBBBBBBBBBBBABBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB.IBBBBABI 

EHgfiiiiiiBSBBBlBBBBSBaSSBBBBBBB BB i iiB B BB BBBIgiBB^^B 

"IBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBiBBBlBBBBBBBBBBBBBBBBBBBBBBBBBBI^^™™*™ 

mmv £ mmu * a *■■■■■■■■■ Sbbbbbbbbi " ~ ~ " ' ~ 


IBBBBBBB IBBBB 


IBBBI 


IBBBBBI 


iSSssi 

ibbbbb 


ffisMBMBiaggggSggggKggggggagSSBggggBggSESSllSijjiggsaBMSiSWBSSSSsSSSiisssaasSiBBgsini 


FREQUENCY MHz 


- 28 - 


fr"«in«V I I 



4240-10-2* RIO/79 
TEST DAT* MEET 


SERiAL NO. 4^ 

FILAMENT VOLTAGE V 

FILAMENT CURRENT A 

MAGNET CURRENT A 


CHANNEL 

21KV -9/?' PA* 

BEAM VOLTAGE kV 

BEAM CURRENT A7 A 

BODY CURRENT -2 Jr ... mA 


DATE: BY: 

POWER OUTPUT kW 

DRIVE POWER S' 0 * mW 

GAIN dB 



FREQUENCY MHz 


28 


SERIAL NO- 


FILAMENT VOLTAGE 
FILAMENT CURRENT 
MAGNET CURRENT 


CHANNEL _ 

BEAM VOLTAGE 
BEAM CURRENT 
BODY CURRENT 


V V T V 'ii 

. V 

DATE: ^ ~ BY: Li/ R 

POWER OUTPUT kW 

DRIVE POWER mW 

GAIN dB 



4 * 






4Z4S-10-Z8 RIO/ 7* 
TEST OAT* SHEET 


SERIAL NO. 


FILAMENT VOLTAGE 
FILAMENT CURRENT 
MAGNET CURRENT 


CHANNEL _ 

BEAM VOLTAGE 
BEAM CURRENT 
BODY CURRENT 


JLh. 


DATE:.. O' M R Y - U/ 

POWER OUTPUT 

DRIVE POWER $/r - 

GAIN dl 




• -V 


SERIAL NO. 


CHANNEL 


FILAMENT VOLTAGE 
FILAMENT CURRENT 
MAGNET CURRENT 


7S V 

!C t C? a 


BEAM VOLTAGE 7X kV 
BEAM CURRENT 7 , A 


BODY CURRENT 


DATE: _ BY: 


POWER OUTPUT 
DRIVE POWER _ 
GAIN 


■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■a 

■■■■■■■■■■■■■■■■■■■3Kaaaaaaaaaaaa 

■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 

.■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■I 

■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■« 

■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 

■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■a 


■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■a 

■■■■■■■■■■■■■■■■■■■■»■■■■■■■■■■■■ 

■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 

■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 

[■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 

8 ■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 




■■■■■■■■■■■■■■■■■■■■■■ 

■■■■■■■■■■■■■■■■■■■■■a 

■■■■■■■■■■■■■■■■■■■■■■i 


■■■■■■■■■■■■■■■■■■■■■a 

■■■■■■■■■ ■■■■■■■ ■■■■■■ 


*&Am mumuwmuummmmmmm mnm 
— ■■■■■■■■■■■■■■■— 


■■■■■■■■■■■■■■■■■■■■■■ 

■■■■■■■■■■■■■■■■■■■■■a 




Eaaaaaa'jaaaaafii 

!■■■■■■■■■■■■■■■■!', ■■■■■■■■■■■■ 
I ■■■■■■■■■ ■■■■■■■ r 4IH ■■■■■■■■■■ 

I ■■■■■■■ a ■■■■■■■■ dim ■■■■■■■■■ 
■■■■■iaHHBBBBHBHBHViHBBBaHHBHBa 
iaaaaaaaaa ■■■■■■■■■■ ■■■■■rjaaaa ■■■■■■■■■ 
■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■a 

lHHHMH HHHBmBBH Hn Bfi «HBHglf 

!■■■■■■■■■■■■■■■■ ■■■■■■r <■■■■■ ■■■■■■■! 
■■■■■■■■■■■ ■■■■■■■■■■imwmBBHi 

affiSnsaSl 




■■■Si 

]■■■■■■■■■■■■■■■ 


■■■■■■■■I 

ssssssss: 


■■■■■■■ 





■■■■■■■■■■■!■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 
!■■■■■■■■■■». ■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 

. ■■■■^■■■■■■■■■B ■■■■■■■■■■■■■■■■■■■ ■ ■■■■■■■■ 
■■■■■■■■■■■■■■■■■■■■■■■■■■■■■——— 

bhu 


M AM ■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 

^■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■a 

■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■a 


■■■■■■■■■■■■■■rjamamiMimiii 
I ■■■■■■■■■■ ■■■^■■■■■■■■■■■■■■■■■■a 

| ■■■■■■■■■■■^^■■■■■■B ■■■■■■■■ ■■■■■■ 
■■■■■■=■■■■■■■■■■■■■■■■■■■■■■■■■■ 


■■■■■■■■■■■■■■ 
■■■■■■■■■■ ■■■■ 
■■■■■■■■■■|^H 


■■■■■■■■ 

■■■■■■■■ 


■■■■■■■■ 

■■■■■■■■ 


■■■■■■■■ 


■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 

■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■a 

■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■a 

■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■a 


■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■a 
■■■■■■■ ■■■■■■■■■■■■■■■■■■■■■■■a 
HHmmmaaaaaaamaaaai 

a m m a y a a & a a «i m a st a u « c ® , * q 



■■■■■■■■■■■■■■■■^■■■■■■■■■■■■a 
■■■■■■■■■■■■■■■*<■■■■■■■■■■■■■■■ 
■■■■■■■■■■■■■■aaaatiaaauaHaaaa 
■■■■■■■ ■■■■■■■MMiiaaaaaHwaa 
MHMHMaaa ■■£■■■■■■■■■■■■■■■■■ 
■iaavjaaaaa laaaaaaaaaaa 

■■^■■■■■■■^■■■■■■■raaa 
:■■■■■■■■■*<■■■■■■■■■■■■■*& Ji'Ha 
iafc?anBP^aaannn aiBganaBan 

■HliMHHHI 

■ ■a. > MELBLg-g-g-H-SLSL g 


S ■■■■■■■■■■■■■■■■■■■■!•■■■■■■■■■■ 
!■■■■■■■■■■■■■■■■■■■!■■■■■■■■■■ 
■■■■■■■■■■■■■■■■■■■■■■■■■■■uaa 
■■■■■■■■■■■■■■■■■■■■a ■■■■■■■■■■ 
■■■■■■■■■■■■■■■■■■■■■!■■■■■■■■■ 
■ ■■■■■■■■■■■■■■■■■■■■!!■■■■■■■■■ 
■■■■■■■■■■■■■■■■■■■■■>!■■■■■■■■■ 

■■■■■■■■ ■■■■ ■■■■■■■■■■■■■■■■■■■ 


m&mismumm 

a ■■■■■■■■■■■■■■■■■■■■ I Jlllllll 1 

ggggg gggggggggggggggagilgfigggggi 

■■■■■■ ■■ ■■■■■■■■■1 ■■■■■■■■ 


■■■a asaHaaBa 

■■■■■■.■■■■■■■a 
■ ■■■■■■■■■■■■■■■■■■■■■■!!■■■■■■■ 

■■■■■!■■■■■■■■■■■■■■■■■&«■■■■■■ 
■ ■■■■■■■■■■■■■■■■■■■■HI ■■■■■■■ 



■■■■■■■■■■■■■■■■■■■■■■■■■>?■■■■■ 
■ ■■■■■■■■■■■■■■■■■■■■■■■■*'■■■■■ 
■■■■■■■■■■■■■■■■■■■■■■■■■■taaaa 
■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 
■ ■■■■■■■■■■■■■■■■■■■■■■■■■■.!■■■ 


■■■■■■■■■■■■■■■■■■■■■■■■■■■■■^■B 

■■■■■■■■■■■■■■■■■■■■■■■■■■■■■^a 

■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■£ 

»sss:as8ssss:Bsss:s:ssssa::ss 

■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■a 


■■■■■■■■a 

■■■■■■■■a 

■■■■■■■■■ 


■■■■■■■■a 

■■■■■■■■a 

■■■■■■■■a 

■■■■■■■■a 

■■■■■■■■■I 

■■■■■■■■■I 


■■■■■■■a 

■■■■■■■a 

H HaifH 

■■UHH 


■■■■■■■■a 
■■■■■■■■a 
■■■■■■■■a 
■■■■■■■■a 
■■■■■■■■a 

ifilPSCilHH' 

■au^aaaaa] 
■■■■■■■■■ 
■■■■■■■■a 
■■■■■■■■a 
uwTiT] umw"um 
■irjuiiHS 
■■■■■■■■■M 
■■■■■■■■a 
■■■■■Baaal 
■■■■■■■■a 
■■■■■■■■■ 
■■■■■■■■a 
■■■■■■■■a 
■■■■■■■■a 
■■■■■■■■a 
■■■■■■■■a 
■■■■■■■■a 
■■ ■■■■■■a 
uumamamm 


1888 


■■■a 

■■■■■■■■a 


■■■■■■■■a 

■■■■■■■■■I 


FREQUENCY MHz 


28 



« , 4240 - 10-29 « 10/73 

TEST DATA SHEET 


SERIAL NO. 


FILAMENT VOLTAGE 
FILAMENT CURRENT 
MAGNET CURRENT 


CHANNEL _ 

BEAM VOLTAGE 
BEAM CURRENT 
BODY CURRENT 


DATE: _ O' BY 


POWER OUTPUT 
DRIVE POWER _ 
GAIN 


±_ mW 


iliiiil 


■■■■■■■■■■■■■■■hi 


issssssss; 


■■■■■■■■■■■■■■■■UHHHHHHHHI 


■ ■■■■■■I 

■ ■■■■■■I 


■■■■'«■■■■■■■■■■■■■■■■■■« 

;iiiM5S8Hssraasi KSiKiii is; 

MEisSsih siffi sa 

KsssBBssssBsssasssssssssassssssBssSS 

SSsBaa35?jaBBiiSiiiiiias 




JIBnllil 


18888831 


III 

■■■■■ 

1888888 ! 


FREQUENCY MHz 





'v V 


rAaw * -.«,y — - p in m ,m i mm ibiii tt — ii£r 


SERIAL NO 

FILAMENT VOLTAGE "7. V 

FILAMENT CURRENT ! 0>{e A 
MAGNET CURRENT J G? A 


4240 . 10-29 R 10 / 7 * 
T 2 ST DATA SHEET 


CHANNEI H 

E^AM VOLTAGE % ^ kV 
BEAM CURRENT % « ^ A 
BODY CURRENT ./^ mA 


DATE:. 


^-7iT 


POWER OUTPUT 
DRIVE POWER _ 
GAIN 


■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■I 

■BBBflBBBBBflBflBBflBBflBBBBflBBBBBBBBBBBBBBBBBflBBBBBBBBBBBBBBflBBBBBBBBBBBBBBBBBflBBflflBBBflBBflBBBBBBBBBBBBBB 

iSSESaSSESSESSSSESES! 

I ISSSSSSSSSSESSSEaSSSi 


BBBBBBBflBBBBBflflBBBflBBBBBflBBBBaSSBaflBBflBBBBBBflBBBflBBBflBflBBBBBBBBflBflBflflBBflBBBBBBBBBBBflBBJIBflBBBBBBBBBBB 




iBBBBBBBBBBBBBBBBBBBBBBBBflBBBBBB 

■BBBBBflBBflBBBBflBBBBBBBBBBBBBViBB 


■ BBBBBB 
IBBBBBBB 
IBBBBBBB 




BBBBBBBflBBBBBflBBBBBBBBBBBBBBV;BBBBBBBBBBBBBBBBBBBBBflBBBBBBBBBB'«Bt/ BBBBBB BBBBBBBBBBBBBBBBBBBBBBBI 
- IBBBBBBBBBBBBBBBBBBBBBBBBriBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBEJB^?VBBBBBBBBBBI 
■■BBflBflBBBflBflBBnBBBflBBBBB'lIBBBBBBflBBBflflBBBBBBBBBIflBflBBflflflBflP^BBBBBBBBBBBflflBIBBBflMHHHHHi 
IBBBBBBBBBBBBBBBBBBBBBlBBBBBBBBBBBflBBBBBBBBBBBBBBBBBBBBBB«B/JBBBBBBBBI 
BBBBBB BBBBBBBBBBBBBBBBBI BBBBBB BBBBBB BBBBBBBBBBBBBBBBBBBBBBBli>lk'>BBBBBBBBBBBBBBBBBBBBI'BBBBBBBBBBBB 

■ ■ ’ I . I IBBBBBI 1 1 


BBBBBBBBBBBBI 

BBBBBBBBBBBBI 

BBBBBBBBBBBBI 




■■■■■■■■■■■■MBBi^^^^^^^^^^^^^^^^^^^^^^^^^^^^^BffB'MBBBBBBBBBBBBBBBflBaBlBBBflBBBBBflB 
I BBBBBBBBBBBBBBBBBBBB BBBBBB VBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ^^CT^B BBBBBBBBBBBBBBBBBB. IB BB BBBBBB BB 
- SbBBBBBBBBBBBBBBBFjBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBL.‘5JB>.1BBBBBBBBBBBBBBBBBBI1BBBBBBBBBBB 
^Hii^HBBBBBBBBBBflBBBBB^flBBBBBBflBBBBBBBBBBBBBflBBBBaBBBBBBBBBBBBr^L'^BBBBBBBBBBflBBBBBBBa'BBBBBBBBBBB 




sees: 

BBBBI 

BBBBI 

BBBBI 

bSbbi 


IBBBBBBBBBB BBBBBB JBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB BBBBBB 
BBBBBBBBVBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBa 
■■■■■■■BBBBBB^BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 

llBBBBBJBBBB B B BB BBBB BBBBBBBBBBBBBBBBBBBBBBBBBBBBI 


, BBBBBBBBBBBBBBBBBBVBBl 
(-.JBBBBBBBBBBBBBBBBBBfltlBBI 


pBflBBBBiiiBiraliiiiiiiiiiliiiiiBBBBBBBiiifliBBBBfliiiiiifliiiiflBBBBBBBBflflBBBBBBBBBBBa'ClflBBflBBB 
HBBBBBBBflBBBB JBBBBBBBB BBBBBBBBBBBB BBBBBB BBBBBB BBBBBBBBBBBBflBBflBflBBBBflBB BBBBBB BBBBBBtlBBBBBBB I 
. u' ; IBBBBBriBBBBBBBBBBBBBBBBBB BBBBBB BBBBB BBBBBB BBB BBBBBB BBBBBBBBBBBflBBBBBBBBBBBBBBa.BBBBBBB| 
BBBBBBBBBBBBBBBaBBBir.BBBBBBBBBBBBBiBBBBBBBflBBBBBBBflBBBBBBBBBBBBBBBBBBBBBBflBBBBBBBBBBBBBBBBBBBi'BBBBBal 
BBBBBBBBBBBBBBBBBBBF BBBB BBBBBB BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBflBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB.'IBBBBB 

■BBFBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB BBBBBBBBBBBBBBBBBBBBBBBBBBBBI 
BBBBBBBBBBBBBBB^BBBBBBBBBBBBBflBBBBBBBBBBBBaBBBBB BBBBBB BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
■BBB BBBBBB BBBBBF^iBBBBBBBBBBBBflBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBtZBB 
BBBBBBBBBIB*fg55iigBiBMMBaMBBBBMBiMBBMBBBBBB8BBBgigBBBBBMBBBBBBBBBBmBBBBBBBBBBBBBBBB»BBBBBBBB 


FREQUENCY MHz 


- 28 - 












- 


4S4I.IS.2I RI0/7J 
TEST DATA SHEET 


SERIAL NO.. 


CHANNEL 


FILAMENT VOLTAGE 


BEAM VOLTAGE 


FILAMENT CURRENT 


BEAM CURRENT 


MAGNET CURRENT 


BODY CURRENT 


* £ A 

j[ O mA 


DATE: BY: \JU £ 

POWER OUTPUT k 1 


DRIVE POWER 
GAIN 


BBBBBBBBBBBBBrfBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

hBBBflBBBflBBBflBBBBBBBBBMMBMMaMMMMMttMMM|MHaaMBMaHH||BB||ttHMHHM 



:'::IBBBBBBBBBBBBBflBBBBBBBaBBBBBflBBBBBB»’^flBBBBBBBBBBflBBBBaBBflBB.Z«BBflfl 

SSSSSSSSSBBSSSSSSSBSBSBBBSSSSSSBSSSSSBSSSSSBSSiiSSSBSSBSSSSBBSSSSSSSBSSSSSSSii 
blsiaSBas:SSBS::SSSB!RSSSSS:E3»SSaSKSSiB8888B8S8SS8BSS888S88S8! 
MfcaMaaaMa3s5!S8iss;i=?^i?:i;i!;ii;;i;i!SiiSi;;;!!Siissssss;siiKi 


IBBBBBBBBBBBBBBBBBBB BBBI 


i m mm m m a * m e bb» b kiu m na » tats & m 
HHHHHiuiiiiuuHuiiniiiH 
■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■a 
!■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 
■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■a 

i jii ' minjiu 


IBBBBBBBBBBBBBBB 


BBBB BBBBBBBBBI BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBHB 
IBrjBBBBBBflBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBflBflflBl :: 

■ IBBBBBBBBBBBBPJBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
HBBBBBBBBBBBBFjBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB BBBB BBBB BBBBBBBBBB 

! EBBBBBlBBBBBBBBJflBBBflBfll 

■bbbbbbbbbbbbbpjbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 
-^.. ■^■■■■■■■■■■■bbb bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 

■BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

B BMMHhMHMHHW bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 

BBBrBBBflBBBBBBBBBflflBBBI 

Ibbbfjbbbbbbbbbbbbbbbbbmm— — — — — — — — — 


:;MjMBBBBBBBBJ|Bt . 

' ’ *'■ ’ IBB - ; ■ • .Vv.-i 

llfll 

I BBBBBBBBBB BBBBBBBBBB BBBBBBBVj 
BBBBBBBBBBBBBBBBBBBBBBBBBBBN 

■ 1 HI 

mnHlll 

■BBBBflBBBBBBBBflBBBBBB 
BHfc' 5 S£ 5 ISiBSiSi®»fflBBBBBIiail?B 


flEflflflfiBBBBBfitBBBBBBBBBESB&BBSiHSiSBBBBEIBaBnaR] 
iBBBBflBBBBflBflBBBBBBB BBBBBBB^N BBBBBBBBBB BB 
BBBBBBBBBBBBaBBBBBBBBBBBBrBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB*lfii7BBBBBBBBBBBiiliM 

IBBfJBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBUil^BBI 
■■■■■■■■■■■■■■■M^^^^MWWHIIIIIIIIBIBBBIBBBBBBBIi^BtJiOlflBI 

C3 r. li sa t ; mwm® msm® c a ej 


BBBBBBBBBBBBBBBBBBBBBBBBB 1BBBBBBBBBBBBBBBBB 
BBBBBBBBBlBBBBBBBBBBBBBBVflBBBBBBBBBBBBBBBBfl 


BBBBBBBBBB BBBBBBBBBB BBBB'/ 


kssbsb 

gleJSS© 

BBBB 


PMMMHHBi^HifliiiiiBflfliiifliiiflflBHfliB 
liiiaiBBBBBBBBBBBBBBBBBflrBB ^ . 


IBBBM^Bfl&ilBBBBBBBBBBB 

IBBBBBB7BBLfy:^BBBBBBI i, 

IBBBBBBUfi’ia^B^rBBBBB 


IBBBBBBBBBBBBBBBBBBBFiBBBBB 
IBBBBBBBBBBBBBBBBBBB'JBBBBB 
IBBBBBBBBBBBBBBBBBBB flBflBBB 


MMHHniiiiiiiBiBBBiiBBfl 
BBBBB BBBBBBBBBBBBI 

BBBBBBBBBBalB 


BBBBBBBBBBBBBBBBBBBI 


BRBIBOIIBBHRBBu'jI^il i?BM 

d IBBBBBBBBBVr^^ B^ jriH 

"iFBBBBBB 
ImB-JBBBBBB 
BBBBBBBBBBBBBBBBBB r iBBBBBBB 



■BBBBBBBBBBBBBBBBBBBriBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBaBB 

bbBbbbbbbbbbbbbbbbbbjbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbi 

IBBBBBBFj BBBBBBBBBB BBBBBBBBBB BBBBBBBBBB BBBBBBBBBB BBB BBBBBBBBBBBBBB 
IBBBBBBBBBBBBBBBBBBBBgBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI . 

: BBP^flBBBBBBBBBBBBBBiBBBBBBBBBBBBBBBBBBflBBBBBBBBBBBBBBBm :: 

■bbbbbbbbKbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 

hi-i-SWiSS ana 

Ibbbbbbbbc^^bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbi 


■■■■■HiBBBBBBBBl 
BBBBBBBBBBBBBBBBBBBBBB 
BBBBBBBBBBBBBB BBBB BBBB 
BBBBBBBBBBBBBBBBBBBBBB 
BBBBBBBBBBBBBBBBBBBBBB 

I BBBB: : ^ 

■bbbbbbbbbbbbbbbbbbbbb 

BBBBBBBBBBBBBBBBBBBBBB 

--*BBBBBBBBB BBBBBBBBBB 
BBBBBBBBBBBBBBBBBBBBBB 
IBBBB^BBBB^klflBBBBBBBBB 
BBBBBBBBBtTiiflBBBBBBBBBB 
BBBBBBBBBBBBBBBBBBBBBB 


3BBB 

BBBBBBBiBBBBBBBBMLBBflfl 


BBBBBBBBBBBBBBBBBBBBBB 

IB1BBBI 

BBBBBBBBBBBBBBBBBBBBBB 


■ ■■■BIBIBVflllBlfi»^H 
BBBBBBBBBI IBBBBBBBBBBBB I 
BBBBBBBBBI BBBBBBBBBBBB 
BBBBBBBBBBBBBBBBBBBBBB 
BBBBBBBBBBBBBBBBBBBBBB 
BBBBBBBBBfl.lBBBBBBBBBBB 
BflBBBBBBBBUBBBBBBflBBBfl 
BBBBBBBBBBI BBBBBBBBBBfl 
BBBBBBBBBBBBBBBBBBBBBB 


BBBBBBBBBBBI1BBBBBBBBBB 
^^^■BIBIMBBBI 

IBBBBBI BBBBBBBBBB 
BBBBBBBBBB 


■ ■ BBBBBBBBBB ilBBBBBBBBBj 
BBBflBBflBBBBBIlBBBBBiiiH 


IJBBBBBmHbBIIBBBB 
MBBBBBIBI 


■■■■■■■^^^HVBBBBBBBB 
BBBBBBBBBBBBBBBBBBBBBB 
BBBBBBBBBBBB BBBBBBBBBB 
IBBBBfl BBBBBBBBBB 
BBBBBBBBBBBBBB 1BBBBBBB 

SSSSSSSSSSSSSSiSSSSSSS 


BBBBBBBBBBBBBBBBBBBBBB 
IBBBBBBB BBBBBBBBBB 
BBBBBBBBBBBBBBBBflBBBBBl 


BBBBBBBBBBBBBBBBBBBBBB 

BBBBBBBBBBBBBBBBBBBBBB 

BBBBBBBBBBBBBBBBBBBBBB 


BBBBBBBBBBBBBBBBBBBBBB 
" i . i IBBBBBBBBBkBBB 
> BBBBBBBBBBBBBBk'BB 

S Hi^HBBBBBBBBBBBBBBW'B 
IflBBBBB BBBBBBBBBB I 
BBBBBBIKHBBBHIBII 


Bi 


BBBBBBBBBBBBBBBBBBBBBB 


FREQUENCY MHz 





SERIAL NO. 


CHANNEL 


DATE 


BY: 


WrTWAtl 


FILAMENT VOLTAGE A ^ V 
FILAMENT CURRENT _ZZL_fe A 


MAGNET CURRENT 


BEAM VOLTAGE Z A kV 
BEAM CURRENT -2^-L . A 
BODY CURRENT . I /L-. mA 


POWER OUTPUT // A kW 

DRIVE POWER jLiJX mW 

GAIN dB 


(■■■I 


■■■! 


1111 


:ssi 


■■■■■I 


ISSSBSSSSSSSSBSSSS! 


■■■■■■I 


(■■■I 


!■■■«!! 


!*«■! 


!■■■■■■■! 


BBBBBBBbB 
IBBBBBBBbB 

:::::::::::: 


IBBB 


::ss:b"”hSI 


ibbbbb^bi 






IflBBBBB'iBI 


ibbbbbbbpw 


ib^bbbbbbbbbbbbbbb'ji 


ssSBisiliBSSBi 


I BBBi 


IBBBB^BBBBBBI 


i^ai 


IBBI 


181 




S' 


I Jill 


■■58888" 
■" 5 S 55 SB 


k^llll 




i: 


■f Mm 


II1BBI 


IIIIIRMI 


at; 




■■■■■■■■■■■■■■■■■■■■■null 

IBBSBBBBBBBBBBBSBB&BSSj 


■■■■■■I 


'<■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■•■■■■■■! 
■ BBBBBBBBBBBBBBBBBBBBBBBBBflBBBBBBBBBBflBBBBBBB BB9BBBBBB 


(■■■■■■■■■■■a 

iSSSSBSBSSSSS 




Mhiii 

IBBBBBBBBB 


SRSESSs sisiiSasnnssSBRRRSBBRR! 

;graiiiliajj:i:;i;i5;=.»;!!i:!!! 

Ebbbbb^bbbbbbbbbbbbbbbbbbbbbbbbi 


BBBBjifsjjsSSSSj 


B Mb U 

IBBBBBBSSS! 


IBBBBBBBBBBBBBBBI 

IBBB8B BBBBBBBB8BI 
■8881 


188888888888888882888 ^ 


188888 


888888888888852888888888888888888 88888 8888888881 

BBBBBF*==W«BBBBBBBBBBBBBBBBBBBBBBNBBBBBBBBBBBBI 


FREQUENCY MHz 


28 



• (VT V 


’TT"* 


^viwr^T't 


4240*10*29 R 10/7 J 


SERIAL NO. 


CHANNEL 


DATF: £ ~ 7^ V; l</ /? 


FILAMENT VOLTAGE 
FILAMENT CURRENT 
MAGNET CURRENT 


+> V 


BEAM VOLTAGE A A kV 
BEAM CURRENT . » £ A 
BODY CURRENT _J_Sl_mA 


POWER OUTPUT / A. kW 

DRIVE POWER & m w 

GAIN dB 


■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■I 

BBBBBBBBBB BBBBBBBBBBBBflBaBBBBBflflflflBBBBBH 

■ ; 



■■■■■■■■■■a 

■■■■■■■■■I 

■■■■■■■■■■■ 


■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■a 

BBBBBBBBBBBBBBBBBBBBBBBBflflflBBBBBBBBBBBBB 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 


l:j j* r; TJ n c ^ l ! j ^ IBBBBBBB 

B BBBBBBBflBBBBBBBBBKflBBKHSBlia 

■bbbbbbbbbbbbbbbbbbbbbbbbbb 
bbbbbbbbbbbbbbbbbbbbbbbbbbbbB 


BBBBBBBBBBBB 

BBBBBBBBBBBB 



BBBBBBBBBB BBBBBBBBBB BBBBBBBBBB BBBBBBBB'iBBBBBBBfl 

bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbvbbbbEbbbb 

BBBBBBBBBB BBBBBBBBBB BBBBBBBBBB BBBBBBBFJBBBBBBBBB 


OBBaBBBBBBBBBBBBBBBtt^BBBBP^BBBBBBBtlBBLlKBBBBBBBB 

{■BRHHhHRHB 


BBBBBBBBBBBB BBBBBI 



Bbbbbbbbbbbbb 

KiiiCi!aBBBBBB| 
HBBBBBBBBBB 


H KBBMSISIlifi^BlIlBHfilElini 
BBBBBBBBBB* IBIIIBBIIIH 
BBBBBBBBBBfiBBBBBBBBBM 
IBBBB ■ B B B BB I B B ■ if L- v !S S>! fO 
HbBBI 111 L - 
IBBBBBBBBViBI 

■BBBBBBBBBBB BBBBBBBBriBBBBBBBB BBB 

■■■■■■bbbb hum 
EbbbbbbbbbbbbbbbbbI 

■flBBBBBBV BBBBBl 

•■'IBVIBBBBBB^^H 

|IBIBBBBBBBBBBBBBBBRBMMH|BBM|^^^H 
bbbbbbbbbbbbbbbbbbB 


BBBBBIBBB 
BBBBBBBBBBBBB BBBBBBB 

IEbbbbbbbbbbbbbbbbbbb 

B HBBBBB BBBBBBBBBBBBB 
■bbbbbbbbbbbbbbbbbb 




IBBBBBBBBBBBBBBBBBI 


I lBBBBBBBilfl BBBBBBBBBB I 

■bbbbbbbiibbbbbbbbbbb 
Vbbbbbbbiibbbbbi ■ ■■ 

BBBBBBBBI BBBBBBBBBBbI 


BBBB BBBBBBBBBB BBBBBBBBBBBBBBBBBB! BBBBBBBBB 
BBBB BBBBBBBBBB BBBBBBBBBB BBBBBBBBB BBBBBBBBB 
BBflBBBBBBBBBBEBBBlE • BBBBBBBBBBBBB BBBBBBBBB 
:■ 5 4BBiBBBBiBBB^Bt • £ 

bbbbI 
bbbb 


■MMHHHUBBBBB-BtrlBBBBBBBBBBBBiIBBBBBBBBBB 
BBBB BBBBBBBBBB BBBBBl MBBBBBBBBBBBBll BBBBBBBBBB I 

iEEE bbbbbbui^ibbbbbbbbbbbbibbbbbbbbbSI 

■■■■■HHiBBBBBBr«»]r> 1BBBBBBBBBBBBB BBBBBBBBBB 
iBBBBBBroiraBBBBBBBBBBBBBBBBBBBBBBB 
BBBBBBBBBBBBBBBBBIir EBBBBBBBBBBBBBBBBBI 
BBBBBBBBBflfiBBBBBBHBLt-BBBBBBBBBBBBBilBBBBBI U ' 

;ssiii55KSiiiSisi :rig:i;ii;;!!!iaaaad 

■■■ibiI' * ..**., '• . :v 

Ibbbb bEEI 

HBBBI 


II1BBBBBBBBB 


IBB BBBClC-^BBB BBBBBBBBBB I BBBBBBBBB I 
S-EB IBBI rilBBBBBflflflBBBBBIBBI * 

IBBBB BBBK.rB^JBBBBBBBB BBBB B.1BBBBBBBB 
■■ ’ ■lBBi.WPflBBBBBBBBBBBBBLIBI 
IBggBBBBBBB^JBBBBBBBBBBBBBlBBBBBBBB 


8 IB BBBBBBBBBB BBBBBBBBBB B'lBBBBBB 

IB BBBBBBBBBBBB BBBBBBBBB BBBB I r • 
■B BBBBBBBBBB BBBBBBBBBB V.BBBBBBB 
■BBBBBBBBBifiBBBBBBBBBBBBBBBBBB'iBBBBBBB 
:: !V j !u SC lx 'iBBBBBBBBB BBBBBBBBBB BBBBBBBB 
^■BBBBBBBBBBBBBBBBBB BBBBBBBBBTiBBBBBBBB 
, i-.;;: fi:v BUB 

IBBBB'i BBBBBBBBB 
BBBBB BBBBBBBBBB BBBBBBBBBB BBBBBBBB 
U^BBBBBB BBBBBBBBBB BBBBBBB JBB I ' J 


I BBBBBBBBBB BBBBBBBBBB BBBBBBBBBB BBB1BBBBBB 
>- IBBBBBBBB BBBBBBBBBB BBBL1BBBBBB 

-JBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBflBfiflBBBBBBBBBI'BBBBBB 
^■BBBBBBBBB BBBBBBBBBB BBBBBBBBBB BBBBBBBBBB BBBBBBBBBB BBBBBBBBBB 
IBBBBBBBBB BBBBBBBBBB BBBBBBBBBBBBBBBBBBBB BBBBBBBBBB BBBBBBBBBB 
5 » 8 * « ® # « ■* * * *5 ® 5-i r- W ^ iv P!V y M ** W :* * r; :■ & £ » W W-, JBiiMBBB 

■BBBBBBBBB BBBBBBBBBB BBBBBBBBBB BBBBBBBBBB BBBBBBBBBB BBBBBBBBBB] 
B BBBBBBBBBBBBBBBBBBBB BBBBBBBBBBflEBBBBBBBB BBBBBBBBBBBBBBBBBBBB 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBflBBBBBBBBk'BBB 



IBBBB BBBBBBBBBBBBB 
HBBBBB BBBBBBBBBB I 


FREQUENCY MHz 







SERIAL NO 


CHANNEL 


DATE:_ -(gr / *-^* 1 


FILAMENT VOLTAGE 


BEAM VOLTAGE ?\ % k V 


POWER OUTPUT 


FILAMENT CURRENT 


MAGNET CURRENT 


BEAM CURRENT 
BODY CURRENT 


DRIVE POWER 


GAIN 


1 SiiiiiiSKiiii 


Iiiimi 

■ ■BBBBMH 


IBP! 


IBBBBBBBBBBI 




ibhi 


> - ti ■ ■. gi ■ ^BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBft'BBBBBBBBBBBB 
IBBBBBBB*BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBaBBflBBBBBBBB 
IBBBBBBBBBBBBflflBBBBBBflBBBBBBBBBBBBBBBBBBBBBBBBflBBBVBBBBBBBBBBB 


IBBBI 


si 


MBBBBBB BBBBBBBBBBBBBBBBBBBBBBB 
IBBBBBBB B|aHaBaHaH __ HHaaaaaB 


is: 


' ' ... !■■■■■■ ■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■!■■■■■■■ 

bjg—BBBBBBBBBBBBBBBBBBBBBBBBBBB I’BBBBBB 
. . ; : I BBBBBBBBBBBBBBB^^^^ 

■BBBBBBBBBBBBBBBI 


b!bbbbS 

iBkBBBBI 




FREQUENCY MHz 


28 



Y? V 


ft 99/79 

TEST DATA MEET 


SERIAL NO. 


FILAMENT VOLTAGE • • . V 
FILAMENT CURRENT tC x £ A 
MAGNET CURRENT ..LL A 


CHANNEL !£ 

BEAM VOLTAGE Js^L — kV 
BEAM CURRENT A 

BODY CURRENT mA 


DATE: 


BY: 


POWER OUTPUT 
DRIVE POWER _ 
GAIN 



!■■■■■■■ 


isss!sssss»ssasssBss:Bs:ss8Bss^:s»ssBssssssss:a:saa:::as9!!fl 

■8888888SaSEBB8a888B8Siia»S888BB88BBSasaSii.;aBB8SB8BB888BB8B8:888888BB888S8 



'jaaaaai 


s!sS8S88888SSS888888 r i^l 
SBS8SS8S8888SS8S888*8’4mI 


■ ■■■■■■■■■■■■■■■■■BililBI 


ISSS83BS8S88BSSSBSSnSnSSSSI 
|BB|B||||8S888S8S88SSS8SS: 


■min 

BBtr :H'^BBBBBBBBBB 

issssS 




!■■■■■■ 


iSSSS/jSSSSSSSSSSSSSSSSSSS! 

I:sss:ssbssbnbsss:s:s:s:esssessi 

!■■■■■■■■■■■■■■■■/■■■■■■■■■■■■■■■■■■■; 

iBBBtiBBS! 

J8SS8888SSSS8874B 


IBSSSSUSSS'iSSSSSSSSSBSSS 

mumw ■■■■■■■■■■■■■ 


■■■■■■■■■■i 

■nisi 


im* i bbbbbbbb! 
■■■■■■■■■■■■I 


■■■■■■■■■a 


WBBBBMWMMIB8gBBaBBBBBBB3BB| 
188^8888888888888888888888888 
SS88S88S8%888888888S8SS888888888SS| 

■ ■ ■■■■■P^aai ■ 

■■■■■■■■■■■■■■■■■■■■■■■■ ■■■■ ■■■ 


BUKSSEJiaBkfi sc m m k-j t 
8888888888888 
KSBSBSSSSSSBS 

■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■!!■■■■■■■■■■■■■■■■■■■■■■■■ 

■ ■■■■■■■■■■■■■■■■■■■■ ■■■■■■■■■■ BBBBB^ilBBB ■■■■■■■■■■■■■■■■■■■■ I 
■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■BVBBB BBBBBBBBBBBBBlBBBBBB 

ats* 8 saiaasasaasMa»B 25 ffl&E( 2 aaaiflBS®EEaBi 3 K 0 i 3 L‘..aEi 




FREQUENCY MHz 


23 


• ■ 




SERIAL NO.. 


CHANNEL 


DATE:. 


FILAMENT VOLTAGE 
FILAMENT CURRENT 
MAGNET CURRENT 


BEAM VOLTAGE A t kV 
BEAM CURRENT .?> t C A 
BODY CURRENT f .fr mA 


POWER OUTPUT _ LA kW 

DRIVE POWER L % 0 mW 
GAIN dB 


■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■I 

■■■■■■■■■■bbbbbbbbbbbbbbbbbbbbbbb 


!■■■■■■■■■■■■■■■■■■■■■■■■■ 

(■■I llfil 
HB ■■■■■■ 


I SailS 

SIBbSmR 8 S 8 S 8 SSS I 

«■■■■■■■■■■■■ ■■■■ 


■■■■■■ ■■■■■ 

S^^^MBBBBB 
■■BBBB 
■■■SAB 

ibbb 
■■■■■■ 
■■■■■■■■■■a 


■■ 


■ ■■■ 

■■■■ 

te^BB 

■■»? 

BBBB 

BBBB 

si:: 
■ss 


IBBBflSIBHK W "I * ■ 1 

IBBBBBB BBBBBBBBBB BBBBBBBBBP «■■■■■■! 
|BBBBBBBBBBBflBBBBflBBBBBBP^BBBflBBBB| 
!■■■■■”■■■■■■■■■■■* ■■■a’lBBBBBBBBBBI 
L-V U'.-IBBBk'B BBBBBBBBBB BBBBBBBBBB ■■■■■■■§ 

BBS 

IBBBBBBBBBCn BBBBBBBBB^BBBBBBBBBBBBBBBl 

bH 99 H| 4 BBBBB^flBIBBBBBBIIBBBBBB 

HSSRiRlssssssssssssssssssssssss: 

L£±£SSss£±±S±££U5±£i£f:::::::ss:::::sss 

■ ■■■■■■■■bbbbbbbbbM 

IBB fiBBBBBBBBB ■■■■■■■■■■ ■■■■■■■! . v 
■ BiBBBBBBBBBBBBBBBBBBBflBBBCB^H 

ibbbbbbbbbbbbbbf bbbbbbbbbbbbbbbbbbbbbbbbbbI 
ibbbbbbbbbbbbbbi bbbbbbbbbbbbbbbbbbbbbbbbbbI 

IBBBBB ■■■■■■■ BIB ■■■■■■■■■■■■■■■■■■■■ ■■■■BIS'’ 
BaBfllBBBBBBBBriBBflBflflBflBBflBUBflBBBBBBBBBBBHHHHI 
IBBBBB BBBBBBBB IBB BBBBBBBBBBBBBBBBBBBBBBBBBBI 
|BIBBBBBfllBIBBBBBBBBBBIIBBBBBIBBBBIBflBBBBB^Bi|Hrt 
IBBBBBBBBBBBBBBI ■ w - 

IBBBBB BBBBBBBdBB BBBBBBBBBBBBBBBBBBBBBBBBBBI 

■■■■■■■■■■■■*■■■■■■■■■■■■■■ 

IBBB BBBBBBBB! BBB BBBBBBBBBB BBBBBBBBBBBBBBBBI 

BBBBIBBIBBII 

IBBB BBBBBB BBBB BBBBBBBI ^ j ? 

IBBBBBBBBV BBBB BBBB BBBBBBBB BBBB B I* ^ c ^ 
■BBBBBB BfIBBBBBBBBBBBBI 

IB BBB BBBBBBBBBBBBBBBBBBBBBBBBBBI 
IBBBBBB BBBB BBBBBB BBBBBBBBBBBBBBBBI 
pBBBf BBBBBBBBBBBBBBBBBBBBBBBBBBI' 

BBB’iBBBBB bbbbbbbbbbbbbbbbbbbbbbbbbbI 
BBf IBBBBB BBBBBBB BBBB BBBBBB BBB BBBBBI 
BBli BBBBBB BBBB BBB BBB BBBB BBBBBB BBB BBj 
BBfJBBB BBB BBBB BBBB BBBB BBBBBBBB BBBBBI 
.HbB BBBBBBB BBBBBBB BBB BBBB BBBBBB BBBBB fl 

8 SBBFiBBBBBBB BBBB BBB BBB BBBBBBBBBBBBBBBBI 
IbB'JBBBBBBB BBB BBB BBBB BBBBBBBBBBBBBBBBI 
n BF. BBBBBB BH BBB BBBBBBB BBBBBBBB BB BBBBBBI 
.IliHIBIlBfi ■BBBBBBBBBBRIBIB MB HI BBBBBI 
IB BBBBBBBB BB BBBBBBBB BB BBBB BBBB BBBBBBBI 
Ir BBBBBBBBBB BBBBBBBBBN BBBIBBBBBB BBBBBI 
IVaBBBBBBBBBBBB BBBBBBBB BBBBBBBBBB BBBBBI 
IBBB JlB BBBBBBBBBB BBBBBB BBB BBBB BBBBBBB BBBBBI 
BrilBBBBBBBBBBBIBBBBBBBBBBBBBBBBBBIBBBBlI 

IBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBliBgBiiiiiiiiiP 
■■BB BBBBBBBBBB BBBBBBBBBB BBBBBBBBBB BBBBBB^BBI - 

BBBBBBBflBBBBBBBBBBflBBBBBBBBBBBBIUUB^^^^H 


■ BBBB 
BBBBB 
BBBBB 

::::: 

■BBBB 

■ BBBB 


IBBBBBBBBBBBBBBBBBI 
IBBBBBBB BBBBBBBBBB I 

■iBBiBsl 

HilliliisiisiisS 
. ».■■■■■■■■■■■■■! 
IBB^BBIBBBBBBBBBBBBBBI 
^MBBHBBBBBBBBBBBMH 

IB B Ik • BBBBBBBBBB 6 
EflBB^HBBBBBHPaiS i 

Ebbbpbbbbbbbi’bbI 

BBBIBBBBBIVBII 
EBBBBBBflVriBBBBBH 
|BBBB lBBlLiBBBBBBBBI 

IBBBBl?Bl“5iBBKBHfT8IIEIS8 


BB 


BB 


■■■■ 


■BBBBLIBBBBBBBBBBB 
■BBBBI 1 BBBBBBBBBBB 
■■■■■!!■■■■■■■■■■■ 
■■■■■■ ■■■BBBBBBBB 
■■■■■■■■■■■■BBBBB 
■BBBBB ■■■■■■■■■■■ 
■■■■ BBl IBBBBBBB ■■■ 
■■■■■■!!■■■■■■■■■■ 
■BBBBBI IBBBBBBB ■■■ 
■■■■■■!■■■■■■■■■■ 


|ShSShhbbbbbbblii 

■■■■■■■bSSSSbUSIS 

HIBBBf«UBi1 

IBBBBBBBBklBBBBBBBB 
IBBBHBBBBI’BBBKi^gfe'IS 

IBBBB BBBBBilBBBBBBB 

!■■■■■!■■■ 
IB BBB BBBBBB IBBB BBB 
■■■■■■■■BBBBBBBBBB 
> : • IBBB BBBBBBBBBB BBB 
^^^HBBBBBBBBBBBklBBBBB 
IBBBB ■■■■■■■HBBBB 
■ HUB IIBIBBBIk'H ■ 
IBBBB BBBBBBBBBB BBB 
IBBBB ■■■■■■■BBBBBB 
■ ■BBB ■■■■■■■BBBBBB 
■ BBBBBB BBBBBBBBBB BH 
iBBBBBBBailBBBHSiKBSISii 


FREQUENCY MHz 
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1 t 


R»/7 


SERIAL NO. 


CHANNEL 


DATE: H-7S BY.Jd/Al 


FILAMENT VOLTAGE 


BEAM VOLTAGE 


POWER OUTPUT / £ 


FILAMENT CURRENT 


MAGNET CURRENT 


BEAM CURRENT 
BODY CURRENT 


DRIVE POWER 
GAIN 





V V 


SERIAL NO._±=I 

FILAMENT VOLTAGE 7*^~ V 

FILAMENT CURRENT IP A 

MAGNET CURRENT / Cl A 


CHANNEL _ 

BEAM VOLTAGE 
BEAM CURRENT 
BODY CURRENT 


mA 


DAT /7g > BY:. 


POWER OUTPUT 
DRIVE POWER _ 
GAIN 


iBBBBBBBBBBBBBBflflBBBBBBBBBBBBBBBB 

■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■a 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

HS!iiSnS!3SESsss»i£iis§i 

agjiMititttii 



■■■■■■■■■■HBiBaflIBBBBB 

iffitSSaH BBBBB BBBBBBBBBBBBBBBBBBBBBBB 
MBBMBBIBBBBBIBIIBIIBBBBBBIH 
HHHHHEbBBBBBBBBBBBBBBBBBBBBBBI 
BBBBlIBBBBBBBBBBBBBBBBBBBflBBflflB 




REMOTE TUNER 
-SERIAL NUMBER 5 2001 





r 


t 


i 





i 


v 

\ 




TUBE TYPE 5K70SK-WBT 
TUBE SERIAL NO. 2- 

CAVITY ABODE 

ZERO INDEX TURNS 

FROM CLOCKWISE STOP 


STE D TUNER THUMBWHEEL SETTING 


CAVITY 

A 

B i 

c 

D j 

E 

1 

XX/ 

ns 

/96 

2.// 

/7*i 

2 

3// 

2 3 / 

2<tS 

33? 

2.-7/ 

d 3 

39/ 

316 

9-0! 

*f-60 

3 31 

5 4 

*£6o 

9-21 

¥f7 

S70 


2 5 

520 





° 6 

SfZ 

67.0 

663 


6S6 




♦Changed on 4 June 1975 to raise lower end of bandpass. 
Slightly out of specification. See curves. 
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Paragraph 1.0 - PURPOSE 

It is the purpose of this test plan to verify that the Model 
8191A Klystron Step Tuner will meet or exceed all of the per- 
formance requirements set forth in the "SPECIFICATION KLYSTRON 
STEP TUNING MECHANISM", Exhibit "C" , dated 31 October 1974. 
These tests are designed to throughly demonstrate the torque, 
positioning accuracy, and design life capabilities of the Step 
Tuner- These tests will be performed on a Varian furnished 
test fixture. 

Paragraph 2. 0- - PROCEDURES 


The following measurement and. test procedures will be utilized 
throughout s the Design Verification tests. All of these tests 
will be performed on ;a Varian furnished VA- 147 OS Klystron 
Simulator. 

Paragraph 2.1 - Load Torque Adjustment 

The Varian test fixture consists of five (5) adjustable 
friction brakes to* simulate the five (5) klystron cavities. 
Each of the brakes is screwdriver adjustable from the rear 
of the unit. In order to adjust the proper torque at each 
brake, loosen the clamp on the chain dr.ive sprocket and 
attach a Waters Manufacturing, . Inc. , Model 940-1, Torque 
•Watch. The Torque Watch is connected to the brake to be 
adjusted by a slotted adapter. After setting the Torque 
Watch Peak Torque Indicator to zero, rotate the appropriate 
shaft and adjust the peak torque to the desired ounce/inch 
loading by tightening or loosening the brake clamp adjustment. 

Paragraph 2.2- Shaft Angle Position Measurement 

The shaft angle of any one of* the five (5) tuner output 
shafts may be accurately measured with a rotary encoder. 

By removing the front panel of the test fixture, the rotary 
encoder may be coupled to any one of the five (5) output 
shafts. To set the zero reference for accurate shaft posi- 
tioning indication, open unit and set red switch located on 
the lower right hand side on the mother board to the ’down 1 
position. Initiate a tune cycle and all cavities will go 
to the 000 position and stop. Check that all ’O’ LED indi- 
cators on the Driver boards are on. This will set the tuner 
to its minimum mechanical position. Zero the Digitizer and 
reference zero as been established. This encoder will pro- 
vide 5,000 counts per revolution of the output shaft. Each 
unit’s digit on the thumbwheel switch assembly represents 
75 counts on the Digitizer, therefore, setting 999 on the 
thumbwheel assembly should output through the encoder to the 
Digitizer 74,925 counts. Thus, each degree of shaft rotation 
will be represen ted’ by 14 counts on the Digital Display. 
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Paragraph 3.Q - TEST 

i 

The design life test of 10,000 cycles has" been broken into 14 
separate tests. Test data sheets for each of the tests are 
included as a part of this test plan. 

Paragraph 3.1 - Equipment Used for Measurements 

The following tests will be controlled by a Computer 
Automation, Inc. computer. Model L.S.I.-2, and RCA CRT 
Monitor, a SUMMIT, Model 8104, Digitiser, a Disc Instruments, 
Inc. Rotary Encoder, Model 832A-1250-OBLP-TTL, and the 
VA-1470S klystron Simulator. 

Paragraph 3.2 - Description of Tests 

The computer cycles the Model 8191A Step Tuner through each 
Channel 1 through 6 and back to 1 in sequence. As the 
Model 3191A tunes into position, the encoder outputs 5,000 
pulses per revolution of the tuner shaft. These pulses are 
fed into the Model 8104 Digitiser, counted up and outputted 
to the computer. The computer displays the last tune per 
channel in the first column of the monitor, the lowest count 
in the second column and the highest count per channel in 
the last column. 

‘ Paragraph 3.3 - Test Set-Up 

3.3.1 Attach the encoder to one of the tuner output 
shafts and record its location on the test data 
sheet . 

3.3.2 Loosen shaft clamp and set the torque of each 

cavity to 120 ounce/inch by adjusting the hose 
clamp on the friction brake.* Then retighten the 
shaft clamp . / 

3.3.3 Initiate computer and begin. test. Upon completion 
of the test, loosen shaft clamp and read fcorque on 
each cavity . 

3.3.4 Record ending torque; Thumbwheel setting; last, 
lowest, and highest reading on the Monitor; and 

* the Veeder Root counter reading. Determine + and 

- error in degrees by the following: E = T - A 

14 

where E is the error; T, the correct reading 
(Thumbwheel setting X 75) ; A, the actual reading; 
and 14 the number of counts per degree. Note any 
additional observations in the Remarks Section. 

4.0 - DATA 

Attached are the Test Data Sheets . 
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4.1 TEST. NO. 1. ; 

DATE: 26 March 1975 INSPECTOR : j. w. Drain. • QA & C : G. W. Witmer 

BEGINNING CYCLE NO, : 0 - 

ENDING CYCLE NO. : 1669 • 

TOTAL CYCLES THIS TEST : 1669 ' TEST TIME : 8.3 Hours (approximately) 


MTR A: 

120 

MTR ' B s 

120 MTR 

_C : 120 

MTR D: 120 M9 

Encoder 

Mounted' on B 

Motor^ 


• 







• COUNT 


CHANNEL 

NO. 

T/W 

SETTING 

LAST 

LOW 

HIGH 

1 



ioo " - 

7,465 

* 7,465 

7,532 

2 

9 


997 

74,746 

. 74/746 

74,804 

3 

* 

' 

997 

74,742 

74,742 

74,800 

. 4 



450 

33,724- 

- 33,719 

3 : 3,772 

5 



550 

41,238 

41,222 

41,274 

6. 



650 ' 

48,441 

48,723 

48,770 

t 



VEEDER 

ROOT COUNTER READING AT END OP 

TEST: 

VR 1: ’ 

100 

VR 2: 

997 VR 3: 

997 

VR 4: 450 

VR 5 : 

MTR A: 

. * 
70 

MTR B: 

ENDING TORQUE (ounce/inch) : 

65 MTR C: 80 MTR D: 70 

MTR E 


ERROR 

IN 

DEGREES 

+2.3 

-2,5 

+ 2.1 

- 2.1 

+1.8 

-2.4 

+ 1.6 

- 2.2 

+1.7 

- 2.0 

+1.4 

-1.9 


REMARKS: Witnessed by E. Green and A. Goldfinger from Varian Associates. 
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4,2 TEST NO. 2. • 

DATE 27 March 1975 INSPECTOR ; J. W. Drain - QA & C : G. W. Witmer 

BEGINNING CYCLE NO, : 1670 . 

ENDING CYCLE NO* t 2159 ... 

TOTAL CYCLES THIS TEST : 489 TEST TIME : 4 Hours (approximately) 

TORQUE. SETTING AT START OF TEST (ounce/inch) ; 

MTR A; 120 mTR'B: 120 MTR C : 120 MTR D s 120 MTR E ; 120 

Encoder Mounted' on B Motor 


CHANNEL NO. 


- COUNT 

T/W SETTING LAST LOW 


HIGH 


ERROR 

IN 

DEGREES 


999 

74,895 ■ 

74,885 

74> 924 

- 2.9 

999 

74,895 

74,885 

76,207 

4-91.5 
- 2.9 

999 

74,925 

74,886 

74,925 

+ 0 
- 2.8 

999 

-> 

76, 209; 

• 74,886 

76,211 

+91.9 
- 2.8 

999 

74,894 

74,888 

74,925 

+ 0 
- 2.6 

990 

74 r 222 

74,221 

74,260 

+ 0.7 
- 2.1 

VEEDER ROOT COUNTER READING 

AT END OF 

TEST: 


VR 2: 999 VR 3 

i; 999 V: 

R 4: 999 

VR 5: 

990 


ENDING TORQUE (ounce/inch) : 

MTR A: 70 MTR B: 35 MTR C: 50 MTR D: 65 MTR E 


REMARKS: Logrc sees J3. at 999 setting and runs to mechanical stop 

occasionally. 999 not reliable setting. 
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4,3 TEST TO. 3 


DATE : 28 March 1975 INSPECTOR : J. W. Drain. * QA & C : G. V . Witmer 

BEGINNING CYCLE NO* : 2160 

ENDING CYCLE NO. : 2267 • ... 

TOTAL CYCLES THIS TEST: 107 TEST TIME : 1 Hour (approximately) 


j MTR A: 

120 

MTR B: 120 MTR 

_Cc 120 

MTR D: 

120 MTR 

_E: 0 

| I Encoder 

Mounted' on C Motor^ 

• 

• 


. 

j . 



• 

COUNT 


ERROR 

IN 

! i CHANNEL 

NO. 

T/W SETTING 

LAST 

LOW 

HIGH 

DEGREES 

; 1 


999 ' ■ 

74,905 - 

74,905 

74,919 

+0 

-1.4 

■'i 

; • 2 • 

! 


.999 

74,907 . 

74^ 904 

74,919 

to 

-1.5 

; 3 

i 

* 

999 

74,907 

74,905 

74,919 

+0 

-1.4 

. 4 

i 


999 

74,907. ■ 

74,889 

74,919 

+0 

-2.6 

i ■ 5 


999 

74,906 

74,890 

. 74,919 

+0 

-2.5 

t 

i . 6 

! 


999 

74,905 

• 74,904 

74,919 

to 

-1.5 ' 

■> ’• ;• 


VEEDER ROOT COUNTER READING 

AT END 

OF TEST: 



VR 1: 999 VR 2: 999 VR 3: 999 VR 4: 999 VR 5: 


MTR A: 90 


ENDING TORQUE (ounce/inch) : 

MTR B: 125 MTR C: 70 MTR D: 60 MTR E: 0 


REMARKS: Testing of 250 ufd capacitors for torque would not allow 

running of E MTR due to size restriction. 
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4.4 TEST NO. 4 - 
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4.5 TEST NO. 5 


DATE : 29 March 1975 INSPECTOR : J. W. Drain ’ QA & C : G. W. Witmer 

BEGINNING CYCLE NO, : 2368 

ENDING CYCLE NO . : 2467 . 

TOTAL CYCLES THIS TEST: 99 TEST TIME : 1 Hour (approximately) 


TORQUE- SETTING AT START OF TEST (ounce/inch) : 


MTR A; 

120 

MTR B: 120 MTR 

_C: 120 

MTR D: 

120 M^R 

JE : o 

Encoder 

Mounted' on A Motor^ 


* 


- 

, 



■ 

COUNT 


ERROR 

IN 

CHANNEL 

HO. 

T/W SETTING 

LAST 

LOW 

HIGH 

DEGREES 

1 


999 

74,921 

74,900 

74,921 

+0 

-1.8 

2 


999' 

74,904 

74/900 

74,921 

4-0 

-1.8 

3 

* 

999 

74,904 

74,901 

74,921 

4-0 

-1.7 

. 4 


999 

74,921 ■ 

74,902 

74,921 

4*0 

-1.6 

5 


999 

74,921 

74,901 

.74,921 

4-0 

-1.7 

6 


999 

74,921 

‘74,903 . 

74,921 

4-0 

-1.6 


VEEDER ROOT COUNTER READING AT END OF TEST : 

VR 1 : 999 VR 2 : 999 VR 3 : 999 VR 4 : 999 VR_5: 999 

, ENDING TORQUE (ounce/inch) : 

MTR A : 120 MTR B : 80 MTR C ; 60 MTR D : 85 MTR E : 0 

REMARKS; E MTR not connected — see 4.3. 
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4,5 -TEST NO, 6. 


DATE ; 3 April 1975 INSPECTOR : j. w. Drain QA & C ; Q m yq. Witmer 

BEGINNING CYCLE NO. : 2468 

ENDING CYCLE NO. ; 2674 ■ .. .. 

TOTAL CYCLES THIS TEST ; 206 TEST TIME : 2 Hours (approximately) 

TORQUE. SETTING AT START OF TEST (ounce/inch) ; 

MTR A ; 120 MTR B : 120 MTR C ; 120 MTR D : 120 MTR E ; 120 

Encoder Mounted' on D Motor^ 


• 




COUNT 


ERROR 

IN 

CHANNEL 

NO. 

T/W SETTING LAST 

LOW 

HIGH 

DEGREES 

1 


995 

74/644 

' 74,644 

74,648 

+1 . 6 
-0 

2 

• 

.995 

74,644 

. 74/643 

74,648 

+1 o 6 
-0 

3 


995 

74,648 

74,643 

74,649 

+1.7 

-0 

. 4 


995 

74,644/ 

' - 74,643 

74,649 

+1.7 

-0 

5 


995 

74,644 

74,643 

74,649 

+1.7 

-0 

6 


995 

74,651 

74,643 

74,652 

+1.9 

-0 



VEEDER ROOT 

COUNTER READING AT END OF 

TEST: 


VR 1: 

995 

VR 2: 995 

VR 3: 995 

VR 4: 995 

VR 5: 

995 


% 

ENDING TORQUE (ounce/inch) : 



MTR A: 

65 

MTR B: 40 

MTR C: 50 

MTR D : 60 

MTR E: 

50 


REMARKS : A. Goldfinger gave permission to run at 995 because of 

reliability problems at 999= 







4.7 TEST NO. 7. 

DATE: 3 April 1975 INSPECTOR : j. W . Drain QA & C : G> w> witmer 

BEGINNING CYCLE NO, : 2675 

ENDING CYCLE NO. : 4124 ... 

TOTAL CYCLES THIS TEST : 1449 TEST TIME : 12 Hours (approximately) 

TORQUE SETTING AT START OF TEST { ounce/inch) : 


MTR A: 120 MTR Bj 


MTR C: 


MTR D: 


MTR E: 


Encoder 

Mounted* on E Motor^ 


• 

- 

* 






ERROR 




COUNT 


IN 

CHANNEL 

NO. T/W SETTING 

LAST 

LOW 

HIGH 

DEGREES 


995 


74,615 ■ 

74,607 

74,645 

995 

. 

74,614 . 

74,613 

74,645 

995 


74,644 

74,609 

74,645 

995 


74,615.’ * 

74,613 

74,644 

995 


74,615 

74,6.08 

.74,645 

995 

- 

74,615 

74,613 

74,644 

VEEDER ROOT 

COUNTER READING 

AT END 

OF TEST: 

VR 2: 995 

vr : 

S: 995 Vt 

14: 99 

15 VR 5 


* ENDING TORQUE (ounce/inch) : 

MTR A : 60 MTR B : 50 MTR C : 60 MTR D: 40 MTR E 

REMARKS : 


summit tan a s nr. az. au.-xu.-ju. 
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4.9 TEST NO. 9 • 

DATE : 4 April 1975 INSPECTOR : j. Drain QA & C : G. W. Witmer 

BEGINNING CYCLE NO. : 4827 

ENDING CYCLE NO . ; 5866 .... 

TOTAL CYCLES THIS TEST : .1039 TEST TIME : 9 Hours (approximately) 

TORQUE. SETTING AT START OF TEST (ounce/inch) : 

MTR A : 120 MTR B : 120 MTR C s 120 MTR D ; 12 O MTR E : 120 

Encoder Mounted' on B Motor 



CHANNEL NO. 


T/ ■ SETTING LAST 


COUNT 

LOW 


HIGH 


74/636 ‘ 74,636 74,660 


ERROR 

IN 

DEGREES 

+2.5 

-0 


74,637 . 74/637 74,643 


+1.4 

-0 



74,637 74,637 74,637 


74,638/ • 74,637 74,638 


74,638 74,637 74,638 


+ 0.9 
-0 

+0.9 

-0 

+0.9 

-0 


74,261 74,261 74,262 


+0.9 

-0 


VEEDER ROOT COUNTER READING AT END OF TEST : 

VR 1: 995 VR 2: 995 VR 3: 995 VR 4: 995 VR 5; 990 


MTR A: 20 


ENDING TORQUE (ounC;*/inch) : 

MTR B: 50 MTR C: 40 MTR D: 40 MTR E: 40 


REMARKS: Unit’s digit -T/W bad in B MTR Channel 6. 
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4.10 TEST NO. 10 


DATE : 5 April 1975 INSPECTOR: j, w . Drain' Q A ( 1 ; G. W. Witmer 

BEGINNING CYCLE NO, ; 5357 • 

ENDING CYCLE NO. ; 6230 . ■ • 

TOTAL CYCLES THIS TEST : 363 TEST TIME : 3 Hours (approximately) 


MTR A: 

0 MTR Bs 

0 MTR 

_C: 0 

MTR D: 

0 MTR 

Ez 0 

Encoder 

Mounted' on C 

Motor^ 


• 


. 

, 



• 

■ COUNT 


ERROR 

IN 

CHANNEL 

NO. T/W 

SETTING 

LAST 

LOW 

HIGH 

DEGREES 

1 


995 

74/640 

74,639 

74,641 

+i.i 

-0 

2 • 

0 

995 

74 , 640 

. 74/629 

74,64*1 

+1.1 

-0 


* 

995 

74,640 

74,624 

74,641 

+1 . 1 
• ■ -0 

4 


995 

74,640. 

' * 74,624 

74,641 

+1.1 

-0 

5 


995 

74,640 

74,624 

.74,641 

+1.1 

-0 

6 


995 

74,640 

74,624 

74., 641 

+1.1 

-0 


VR 1: 995 


MTR A: 0 


VEEDER ROOT COUNTER READING AT END OF TEST : 

VR 2 : 995 VR 3 : 995 VR 4 : 995 VR 5 ; 995 

ENDING TORQUE (ounce/inch) ; 

MTR B: 0 MTR C: 0 MTRD: 0 MTR E: 0 


REMARKS: First Test Fixture failed, 

overshoot? none occurred. 


Ran system w/zero torque to check 
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4.11 TEST NO. 11 

DATE : 5 April 1975 INSPECTOR : J. W. Drain- QA & C : G. W. Witmer 

BEGINNING CYCLE NO, : 6231 

ENDING CYCLE NO. : 6578 . . 

TOTAL CYCLES THIS TEST : .347 TEST TIME : 3 Hours (approximately) 

TORQUE SETTING AT START OF TEST (ounce/inch) : 

MTR A : 120 MTR B : 120 MTR C : 120 MTR D : 120 MTS. E : 120 

Encoder Mounted' on E Motor 


ERROR 

COUNT IN 


CHANNEL NO. 

T/W SETTING 

LAST 

LOW 

HIGH 

DEGREES 

1 

999 * - 

74,917 • 

74,911 

74,918 

*1*0 

-1.0 

2 • 

« 

999 

74,917 * 

74,917 

74,918 

to 

-0.6 

3 

_ 999 

74,918 

74,917 

74,918 

+0 

-0.6 

. 4 

999 

74,917; ■ 

74,-911 

74,918 

+0 

-1.0 

5 

999 

74,917 

74,915 

74,918 

to 

-0.7 

6 . 

999 

74,917 

- 74,916 

74,918 

to 

~n.fi 


VEEPER ROOT COUNTER READING AT END OF TEST : 

! VR 1: 999 VR 2: 999 VR 3: 999 VR 4: 999 VR 5: 999 

5 - ■ . ■ ■■■ . r - 1— I # 

. ENDING TORQUE (ounce/inch) : 

MTR A : 70 MTR B : 80 MTR C : 65 MTR D : 70 MTR E : 70 

REMARKS: New Test Fixture used for remainder of testing. New duel flag 

assembly installed to insure reliability at 999 setting. 





4,12 -TEST NO. 12 . 

DATE: 5 April 1975 INSPECTOR : j. w. Drain. ■ Q& & C i G . W. Witmer 

BEGINNING CYCLE NO* : 6579 • 

ENDING CYCLE NO. ; 8048 ■ .. 

TOTAL CYCLES THIS TEST : .1469 TEST TIME : 12 Hours (approximately) 

TORQUE- SETTING AT START OF TEST (ounce/inch) ; 

HTR A i 120 MTR B : 120 MTR C e 120 MTR D : 12Q E : 120 

Encoder Mounted' on D Motor 


CHANNEL NO. 


T/W SETTING LAST 


COUNT 

LOW 


HIGH 


ERROR 

IN 

DEGREES 


1 


999 

74,931 

' 74,915 

74,972 


+3.4 

-0.7 

2 • 

9 


.999 

74,940 

. 74,914 

74,97'S 


+3.6 

“0.8 



999 

74,934 

74,914 

74,976 


+3 . 6 

“0.8 

4 


999 

74,930- 

* 74,915 

74,975 . 


+3.6 

»0.7 

5 


999 

74,928 

74,9.15 

74,976 


+3 . 6 

-0.7 

6 


. 999 

74,929 

'74,918 

74,974 


+3.5 

“0.5 


VEEDER 

ROOT 

COUNTER READING AT END OP 

TEST: 



: 999 

VR 2: 

999 

VR 3: 999 

VR 4: 999 

VR 5: 

.999 




ENDING TORQUE (ounce /inch) : 



■ 

it 80 

MTR Bs 

20 

MTR C: 50 

MTR D: 70 

MTR E: 

60 



REMARKS : Speed of motors increased which reduced greatly the mechanical 

resonance noise. 
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4.13 TEST NO. 13 ' •_ ' 

DATE : g April 1975 INSPECTOR : J. W. Drain. *' Q& & C s G. W. Witmer 

BEGINNING CYCLE NO* : 8049 • 

ENDING CYCLE NO. : 8715 •• . . • 

TOTAL CYCLES THIS TEST : 666 TEST TIME : 6 Hours (approximately) 

TORQUE- SETTING AT START OF TEST (ounce/inch) : 

MTR A : 120 MTR • B : 120 MTR C ; 120 . MTR D : 120 MTR E : 120 

Encoder Mounted' on B Motor^ 

• ' ' ERROR 


• 

- 


COUNT 


IN 

CHANNEL NO. 

T/W SETTING 

LAST 

LOW 

HIGH 

DEGREES 

1 

999 

74,917 

3 

74,919 

to 

2 

999' 

74,917 . 

3 

74,919 

+0 

3 

999 

74,918 

1 

74,919 

CO 

+o g 

4 

999 

74,917/ • 

33 

74,919 

+0 " 

— 63 






W 

m 

5 

999 

74,917 

1 

.74,919 

+0 

6 . 

999 

74,918 

9,829 

74,919 

to 


VEEDER ROOT COUNTER READING AT END OF TEST : 

VR 1 ; 999 VR 2 : 999 VR 3 : 999 VR 4 : 999 VR 5 : 999 

» ENDING TORQUE (ounce/inch) : 

MTR A : 60 MTR B : 70 MTR C : 75 MTR D : 70 MTR E : 80 

REMARKS: Pin in shaft* at sprocket behind knob sheared. All units at 

the weak point are now silver soldered. 













4. 14 TEST NO, 14 • 

DATE : ,7 April 1975 INSPECTOR : J. W.* Drain- QA & C : g. W. Witme: 

BEGINNING CYCLE NO, : 8,715 

ENDING CYCLE NO. : 10,860 ... ' 

TOTAL CYCLES THIS TEST : 2145 TEST TIME : 18 Hours (approximately) 

TORQUE. SETTING AT START OF TEST (ounce/inch) : 

MTR A : 120 MTR B : 120 MTR C : 120 MTR D : 120 MTR E : 120 

Encoder Mounted' on c Motor 


ERROR 





COUNT 


IN 

[EL NO. 

T/W SETTING 

LAST 

LOW 

HIGH 

DEGREES 

1 

999 

74,904 

' 74,888 

74,925 

4*0 

-2.6 

2 

• 

999 

74,904 

•74,891 * 

74,925' 

*f*0 

’ -2.4 

3 

999 

74,891 

74,890 

74,925 

4*0 

' -2.5 

4 

999 

74,904 , 

74,891 

74, : 925 

4-0 

-2.4 

5 

999 

74,891 

74,890 

74,925 

4-0 

-2.5 

6 

999 

74,903 

74 r 8 93 

74,925 

4-0 

-2.3 


VR Is 999 


MTR A: 30 


VEEDER ROOT COUNTER REAPING AT END OF TEST : 

VR 2 : 999 VR 3 : 999 VR 4 : 999 VR 5 : 999 

ENDING TORQUE (ounce/inch) : 

MTR B: 35 MTR C: 45 MTR D: 40 MTR E: 40 


REMARKS : 
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The high power levels of present-day microwave 
tubes require careful attention to design and 
operation of cooling systems. In some cases, in- 
adequate or improper cooling due to scale or 
corrosion may be the limiting factor in tube life. 
Scale is formed as a deposit upon the wetted 
surface of the coolant system as the result of the 
conversion of a coolant-soluble salt to an insol- 
uble compound due to the chemical reaction of 
the various elements in the coolant, while cor- 
rosion is the result of chemical reaction products 
of some portion of the wetted surface itself. This 
bulletin discusses causes of scale and corrosion in 
liquid-cooled systems and recommends ways to 
minimize their occurrence. When cooling is not the 
limiting factor in tube life, the precautions and 
practices described below may not be required. 

The recommendations given are based on a study 
of liquid-cooling problems conducted for Varian 
Associates by Stanford Research Institute and the 
subsequent analysis and correction of the problems 
in various field operating situations. 

THE KLYSTRON TUBE 

The high-power, liquid-cooled klystron generally 
is fitted with two cooling paths, one for the col- 
lector, the other for the body of the tube. Other 
dements of the system which are usually liquid 
cooled by the same heat exchange system usually 
include the electromagnet, focus coil, and RF 
dummy load, and various pieces of microwave 
plumbing between tube and antenna. 

The coolant flow from the collector inlet fitting 
is redirected at the inlet manifold into numerous 
small paths arranged around its cylindrical periph- 
ery, rejoined in an outlet manifold, and passed out 
of the tube via the outlet coolant fitting. If the 
direction of flow is of consequence, the connec- 
tions are clearly marked on the tube. 

The body cooling circuit is intended to cool and 
thereby stabilize the operating temperature of the 
various microwave cavities and their frequency con- 
trol elements (tuners). Again, coolant is generally 
led into and removed from the body of the tube 
thru fittings which generally are of the quick- 
disconnect, self-sealing type. 
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In some klystrons, as much as 2 kilowatts per 
square inch must be transmitted through the col- 
lector wall and dissipated into the coolant. Fre- 
quently the heat flux in the collector is not uni- 
formly distributed and, at high values of heat 
dissipation, a small amount of scale can cause a 
large rise in temperature in some portion of the 
collector, thus greatly increasing the possibility of 
premature tube failure. 

The fundamental factors involved in the ex- 
change of heat between a body and its liquid cool- 
ing medium arc: 

1. Maximum allowable vacuum wall temperature. 
In vacuum tubes using copper, this temperature 
should not exceed 300°C. 

2. Coolant specific heat 

3. Coolant boiling temperature 

4. Coolant viscosity 

5. Coolant velocity 

It is to be noted that any collector design, when 
viewed from the simple calculation of coolant 
temperature rise versus power dissipated, is con- 
servatively over-rated. However, in terms of internal 
metal temperatures, hot-spot califaction problems, 
and maintenance of turbulent rather than laminar 
flow in the coolant channels, very conservative de- 
sign is called for. Cooling channel cross-sections as 
small as 0.025 inch by 0.050 inch are not uncom- 
mon, and the relative ease with which these channels 
can be plugged with foreign particulate matter 
must be given careful consideration. 

COOLANTS 

As a tube coolant, distilled water which is 
chemically stable and has high heat transfer capa- 
bility is much to be preferred over antifreeze 
mixtures. If protection against low temperatures is 
required, draining a system or using electric water 
heaters during non-operating periods will avoid the 
problems introduced by antifreeze. 

If a freezing-point depressant is necessary, a 
closed cooling system complete with purification 
loop can be used with an uninhibited solution of 
ethylene glycol and water as the coolant. Although 
inhibited glycols are more stable than uninhibited 
glycols when the coolant is saturated with air, field 
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experience has shown that present operating 
methods using inhibited glycols are inadequate and 
lead to shorter tube life. Inhibited ethylene glycol 
cannot be used with coolant purification systems 
because the inhibitor will saturate the ion exchange 
resin and make it useless. 

Continual purification of the coolant, as de- 
scribed later, is often dearable whether water or 
antifreeze is used. 

Since antifreeze mixtures have lower cooling 
capabilities than water, tube ratings established for 
water may not apply if antifreezes are used. Before 
using antifreezes in Varian tubes, the Field Engi- 
neering Department should be consulted for spe- 
cific recommendations. 

COOLING SYSTEM DESIGN 

Tubing, fittings, pumps, and other material 
which will be in direct contact with the coolant 
should be selected to minimize galvanic action. 
Constructing the entire cooling system of a single 
metal is difficult; the best compromise is to use 
only metals at the “noble” end of the electro- 
motive force series. The EMF differences between 
these metals and the copper collector are small. 
Included in this group are copper, nickel, and such 
alloys as bronze, Monel, Inconel, 304L stainless, 
and 347 stainless for welded parts. Metals that 
should not be used in direct contact with the 
coolant include steel, cast iron, galvanized iron, 
aluminum, and magnesium. Brass should be used 
as sparingly as possible. 

All-bronze or stainless steel turbine pumps are 
suitable for tubes requiring flows from 5 to 40 
gallons per minute at pressures from 85 to 200 
pounds per square inch. All-bronze or stainless 
centrifugal pumps are suitable for lower pressures. 

Teflon-lined hoses are preferred for cooling- 
system use because natural or synthetic rubbers 
tend to deteriorate when used with hot liquids. If 
electrical insulation is required fa frequent case), 
they should be fabric covered; otherwise, metal 
armor may be used. 

The cooling system should, in most cases, in- 
clude means to continuously purify the coolant. 
This can be a purification loop which processes a 
small amount of coolant from the main recirculating 
loop by removal of soluble salts by ion-exchange, 
dissolved oxygen and carbon dioxide, small par- 
ticulate matter, and other contaminants. If a mix- 
ture of ethylene glycol and water is to be used, 
provision must also be made for the removal of 
organic breakdown products of the glycol. Pack- 
aged purification systems suitable for this purpose 
are available. * 


Figure 1 shows a typical arrangement of a 
klystron recirculating cooling system with a puri- 
fication loop. In general, a single replaceable car- 
tridge supplies the filtering, ion-exchange oxygen 
removal, and organic removal functions. The system 
also includes flow and pressure adjusting valves, 
flow meter, and the necessary conductivity cells 
and electronics for evaluation of the conditions of 
the filter cartridge with respect to metal ion 
capture. 

As stated before, the filter cartridges and filter 
membranes are replaceable, and the size of the 
purification system and its operation should be in 
accordance with the manufacturer’s recommenda- 
tion. 

Referring again to Figure I, the main cooling 
loop shows particulate filtering (10 to 50 micron 
size) between the accumulator tank and pump and 
filtering beyond the parallel branching paths to the 
various circuits (represented in Figure 1 by the 
collector and body paths in the tube). Ingoing and 
return bulk coolant temperature is also monitored. 
Pressure measurement is indicated at the pump 
head and directly across the collector for reasons to 
be discussed later. The collector flow rate should be 
continuously monitored. Many systems also in- 
clude the control equipment for maintaining the 
ingoing coolant temperature at a preset point, 
independent of seasonal changes of ambient 
temperature. 

COOLING SYSTEM OPERATION 

All contaminants such as oils, greases, and par- 
ticulate matter should be removed from the system 
since they may deposit on the heat-exchange 
surfaces inside the tube and reduce the heat trans- 
fer capability. The cooling loop should, therein, 
be degreased with a solvent or detergent, followed 
by a number of clean water flushings. Also, no 
soluble oil inhibitors or stop-leak compounds 
should be added to the coolant, since detergents, 
soluble oils, etc., may cause foaming. 

In an installation being put into operation for 
the first time, special precautions must be taken to 
remove pipe compound, solder salts, teflon pipe- 
tape thread seal, bits of solder, etc., etc. With all 
the main cooling loop filters in place but with 
tube, magnet, and other components replaced with 
jumpering connections, thorough flushing proce- 
dures as described above should be carried out. 
Then, after cleaning and replacing filters, the 
system with tuue and other components in place, 
can be operated in the normal mode. 

The area of maintenance of purity in an operat- 
ing system is very sensitive if Jong tube life is to be 
attained. Manufacturers of purifying equipment 
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Figure 1. KLYSTRON COOLING SYSTEM WITH PURIFICATION LOOP 








normally include as part of their package, a method 
of monitoring the resistivity of the coolant, which 
measures the ion content and other conductive 
foreign matter. Ion removal cartridge replacement 
is indicated when the coolant leaving the purifica- 
tion system falls below 1 megohm resistivity. A 
fresh cartridge at recommended throughput will 
provide 10 to 14 megohm coolant back into the 
main loop for 2 megohm intake resistance. Rapid 
exhaustion of the ion-exchange cartridge may indi- 
cate a source of contamination, electrolysis, the 
use of inhibited glycol, or that the purification 
loop lacks sufficient capacity for the bulk coolant 
being processed. Membranes in the submicron filter 
of the purification loop should be replaced when 
the pressure drop across the loop becomes excessive. 

In the matter of corrosion effects in the coolant 
system, two sources can be recognized, namely the 
deterioration of piping, manifolding, and radiator 
due to electrolysis between dissimilar metals al- 
ready mentioned previously, and the oxidation of 
copper material of the tube itself in the areas of 
high heat transfer to the coolant, primarily in the 
collector. The corrosion rate is directly related to 
the amount of dissolved oxygen in the coolant, 
and the temperature of the copper collector core; 

i.e., the collector power dissipation. In a system 
operating at atmospheric pressure at the accumu- 
lator tank and with no special pains taken to close 
the system from the atmosphere, it is common to 
measure 3.5 to 5 parts per million of dissolved 
oxygen in the coolant. It should also be recognized 
that it is possible to aspirate air into a closed coolant 
circuit at the pump rotary seal and at quick- 
disconnect fittings, even without evidence of liquid 
leakage at these points. Aspiration of air into the 
system will result in rapid depletion of oxygen 
removal chemicals without indication of a change in 
resistance of the coolant. Corrosion-free operation 
can only be attained by holding the dissolved 
oxygen level to 1.25 parts per million or less. This 
means that measurements for oxygen-level must 
be made frequently. 

One alternative to the relatively expensive design 
and maintenance problems associated with tight 
control of oxygen in the system would be to insti- 
tute flushing procedures for the tube which can be 
done on a routine maintenance schedule. Figure 1 
includes pressure gages at the inlet and outlet ports 
of the collector, as well as a flow rate meter in the 
collector branch. Collector corrosion effects are 
indicated as a slowly increasing pressure differential 
across the collector, as the flow rate is held con- 
stant by b? ach yalve adjustment. Thus, when the 
pressure drop across the collector has increased by 


20—25% above that pressure value when the tube 
was first installed, the tube should be removed, and 
the corrosion products (mainly copper oxide, 
CuO) can be flushed out or dissolved out of the 
cooling channels by means of dilute hydrochloric 
acid, followed by a neutralizing flush and then tap 
water flushing. It is especially important that flush- 
ing procedures be instituted before any of the cool- 
ing channels inside the tube become so full of the 
corrosion products as to block the flow of the 
flushing liquid completely. To this end, it is strongly 
recommended that collector flow and pressure 
instrumentation be a permanent part of the coolant 
system installation. Specific recommendations for 
the flushing solution and technique are available 
through the Varian Tube Division Field Engineering 
Department. 

The manufacturer’s recommendation should, of 
course, be followed in the matter of maintenance 
of the cooling system as a whole; but in the 
interest of obtaining the longest possible tube life, 
the following list of adjustment and routine main- 
tenance items are presented: 

1 . Keep the coolant temperature constant and as 
low as ambient weather conditions and other 
total system requirements will allow. 

2. Use clean distilled water for original flushing, 
final filling, and make-up. 

3. Use ethylene glycol only (do not use automobile 
radiator antifreeze). 

4. Monitor the condition of the ion-exchange car- 
tridge, recognizing that no knowledge of the 
condition of the oxygen removal portion of the 
cartridge is thereby gained.** 

5. Keep the main loop and branch loop filters clean 
by routine inspection. 

6. Keep the system free of dissolved oxygen or 
flush the tube when the collector differential 
pressure increases by 25% above the original value 
at the equivalent flow rate. 

7. Follow the purification loop manufacturer’s in- 
structions with respect to replacement pro- 
cedures for filter membranes and cartridges. 


* One manufacturer of suitable equipment is the 
Barnstead Still & Sterilizer Company, 2 Louisville 
Terrace, Boston 3 1, Massachusetts. 

**The Beckman Instrument Company, among 
others, manufactures an instrument which measures 
the dissolved oxygen in any liquid by a direct 
readout in parts per million. 




WATER PURITY REQUIREMENTS 
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INTRODUCTION 


The high power levels at which klystron tubes 
operate require careful attention to the mainten- 
ance of water purity to assure the best possible 
heat dissipation. Any water containing contam- 
inants that exceed the limits specified in this 
bulletin will cause corrosion and scaling. Ordinary 
tap water will not meet these specifications. 
Distilled water, however, will meet these require- 
ments and is the recommended fluid to be used 
in klystron cooling systems. Periodic monitoring 
of water purity is necessary because the water 
can become contaminated by impurities from the 
cooling system components and from the surround- 
ing environment. These impurities, when combined 
with the effects of high surface temperatures, 
result in a chemical reaction which causes cor- 
rosion and the formation of solids or scaling. 
Unchecked corrosion will attack the metals in 
the klystron and thus reduce its operating life. 
Scaling will prevent efficient heat transfer and will 
plug coolant passages. This will greatly increase 
the possibility of premature tube failure. 


The recommendations given are based on a study 
of liquid-cooling problems conducted for Varian 
Associates by the Stanford Research Institute and 
on subsequent analyses and corrections of problems 
in several field operating situations. 


WATER PURITY SPECIFICATION 


The resistivity of the water shall be main- 
tained at a level greater than 30 kfi/cm 3 
at 30°C. 


The pH factor shall be within the range 
of 6.0 to 8.0. 


3. The particulate matter size shall not be 
greater than 50 microns (325 MESH). 

4. The inlet water temperature shall not 
exceed 70°C and this temperature should 
be regulated to ± 5°C. 

When the water fails to satisfy any one of these 
requirements, prompt action is necessary to cor- 
rect these deficiencies. If the water is contaminated, 
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the system must be flushed and replaced with 
clean water. Specific recommendations are de- 
scribed in Application Engineering Bulletins AEB- 
17B and AEB-32. If the temperature of the water 
exceeds 70°C, the heat exchanger system should 
be checked or adjusted. 

TESTS FOR PURITY 


The recommended method for measuring resistivity, 
pH and particulate matter is by use of laboratory 
instruments. However, simple tests described here 
should provide enough information to determine 
purity. 

1 . Appearance of the water is a good general 
indicator. If the water looks turbid or 

astes or smells brackish, it is good practice 
to change the water and Hush the system. 

2. pH factor is easily checked by using pH 
paper or Litmus paper. Sold under a 
variety of trade names, pH paper is avail- 
able at aquarium or swimming pool equip- 
ment supply stores. Direction for use is 
usually printed on the packages. 

3. Particulate matter and impurities can be 
checked by using the foaming test as 
described in Application Engineering Bul- 
letin AEB-26. 


4. Accurate resistivity should always be mea- 
sured with a resistance bridge. Generally 
speaking, if the water does not pass the 
foaming test, the resistivity is too low. 

MAINTAINING WATER PURITY 


Continuous purification of the water is the recom- 
mended method for maintaining high quality 
water. Figure 1 shows a typical purification loop 
arrangement. Packaged systems such as this are 
available from a number of manufacturers. 


In general, these systems consist of replaceable 
cartridges that provide the filtering, ion exchange, 
and organic solid removal functions. The system 
should include flow and pressure gauges and 
valves, and conductivity cells for continuous eval- 
uation of the condition of the water and filters. 
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The size of the purification system should be in 
accordance with the manufacturer’s recommenda- 
tion. 

An alternative to the expensive purification system 
would be flushing procedures which could be done 
on a planned maintenance schedule. The time 
interval between, flushings would have to be 
adjusted to the local atmospheric conditions. 

information contained herein is furnished as a free service to 
users of Varlan products, to aid in their maintenance or passible 
modification. By furnishing this information, Varian assumes no 
obligation or responsibility to supply parts, to pay for the cost 
of modifications, to exchange existing products for new production 
models, or otherwise. 


TO SUMP OR BY-PASSED FLOW 

RESERVOIR FROM PUMP TO TUBE 



Figure 1. A Typical Purification-Loop Arrangement 
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VARIAN ASSOCIATES 


The increasing use of doppler radar systems, 


both cw and pulsed, has produced considerable 
interest in the noise characteristics of klystron 
amplifiers and oscillators and the measurement 
of that noise. The reason that noise is impor- 
tant in this type of system is that it is necess- 
ary to detect and often to measure doppler 
shifts that produce frequencies very close to 
the carrier and at a power far below the carrier 
level. Naturally, if the klystrons (or other trans- 
mitting tubes) themselves are producing such 
signals, the usefulness of the radar system is 
thereby limited. Varian has been engaged in the 
production of ‘Tow-noise’ ’ (not to be confused 
with low noise-figure) klystrons for some time 
and has found it necessary to evolve special 
noise measuring techniques and the appropriate 
equipment to make the measurements. The fol- 
lowing notes cover the high points of the noise 
subject. More detailed information can be sup- 
plied on specific tubes upon request. 

First, some definitions must be stated to avoid 
ambiguity. In any discussion of noise, the band- 
width of interest must be specified. For that 
portion of the noise spectrum removed from the 
carrier by one-kilocycle or more, measurements 
are frequently made in a 1-kc bandwidth. For 
that portion of the spectrum closer than one KC 
from the carrier a narrow-band spectrum analy- 
zer is used to allow investigation of noise be- 
tween the discrete spectrum lines caused by 
power-supply ripple voltages and by 60-cycle 
pickup. 

The defining of AM noise is a simple matter if 
one considers rms noise po wer in any band- 
width of interest. This AM noise power is 
usually referred to the power in the carrier 
with the statement that “AM noise power in a 
given bandwidth is a certain number of db down 
from the c ier”. 


The AM power in this discrete side 


band is measured and again one may refer to 
the line as being a certain number of db down 
from the carrier. Since the power in discrete 
“lines’’ is usually much above the residual 
tube noise, the bandwidth consideration is 
not as important here. Howewer, “lines” are 
usually measured with the minimum available 
bandwidth. 

Since it is quite easy to make an error of either 
3 or 6 db in applying this concept, an example 
will be given: Consider the case of an r-f wave 

which is amplitude modulated by a single modu- 
lating frequency. Figure 1 shows the variation 
of the r-f voltage with time, and Figure 2 shows 
the resulting r-f spectrum. 

RF Wave, 

AE f m at frequency f 



Figure 1 


RF 

Voltage 

Amplitude 



f o f o +f m Frequency 


If there is a discrete source of unwanted AM, 
such as could be caused by a 360-cycle ripple 
voltage on a power supply, this is called a 


Figure 2 
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NOISE CHARACTERISTICS 

OF KLYSTRONS 


In these figures, 

E is the average voltage of the envelope of 
the r-f wave, at frequency f , AE is the peak 
amplitude of the modulating voltage, at fre- 
quency f m . M is the degree of modulation 
and is equal to AE(Peak) 

E 

The ratio of the power in the carrier to the pow- 
er in one sideband is expressed: 


db = 20 log , 0 E — . (A) 

AE (Peak) 

2 

If the modulation is noise, rather than sinusoidal, 
the signal-to-noise ratio is sometimes expressed 
as: 


db = 20 log . n _JL_ (B) 

AE (rms) 

Common mistakes arise in forgetting to pro- 
perly use peak and rms numbers in the above 
formulas, and in not being definite in specify- 
ing whether one or both sidebands are being 
considered. Formulas A and B give answers 
differing by 3 db in the case of sinusoidal mod- 
ulation, but the answers agree if both side- 
bands are considered (as they should be). 


In general, the same concepts are used in de- 
fining and measuring FM noise and FM lines. 
FM noise, of course, will appear as energy at 
frequencies other than the carrier. It can either 
be "hash” or discrete sidebands, and conse- 
quently can be most easily defined in terms of 
noise power in a given bandwidth. In discussing 
FM noise one sometimes refers to "FM noise 
power in a given bandwidth being a certain 
number of db down from the unmodulated car- 
rier”. However, it is more common to refer to an 
"effective (or rms) frequency deviation” in the 
bandwidth of interest, at a certain frequency 
region in the spectrum. Strict definitions are re- 
quired to tie these two concepts together. 

Going back to the basic definition of a frequency- 
modulated wave which is modulated by a dis- 
crete frequency to a certain frequency deviation: 

M f = -M. (1) 

where = modulation index in radians. 

AF = peak deviation in cycles per 
second. 

f - modulating frequency in cycles 
per second. 

Under these conditions the first sideband will be 

removed from the carrier by a frequency of f ; 

the second sideband will be removed by 2 f” 1 , 

* m 

etc. Figure 3 shows the spectrum of a frequency- 
modulated wave. 



Figure 3 
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The amplitudes of the tf voltages in the carrier 
and sidebands vary as Bessel functions of the 
modulation index. The voltage amplitude of the 
carrier will vary as J Q (Mf); the amplitude of the 
first sideband will vary as J ^ (Mf), etc. There- 
fore, the relative amplitude of the power in the 
carrier and the power in one of the first-order 
sidebands will be 

db = 20 log 1Q (2 ) 

J i (Mf) 


When the modulation index is small: 


Jo 

(M f ) s 1.0 

, and 

(3) 

Jl 

(M f ) = 

- AF 

(4) 


2 

2 

in 


and J 2 (Mf) - - - J n (Mf) are negligibly small 
Under these circumstances (2) becomes: 

db = 20 log 1Q ... 2f 3 ,_. (5) 

AF 

Equation (5) gives the desired relationship be- 
tween- the power in one of the first-order side- 
bands and the carrier power, for small modula- 
tion indexes. It should be noted that the 'Mb 
down” varies both with peak deviation (AF) and 
the distance removed from the carrier (f ), 

With this relationship it is easy to correlate a 
noise p*. wer measured as "so many db below 
the carrier”, at any place in the spectrum, with 
an equivalent power which would be generated 
by a discrete modulation at the same place In 
the spectrum. For example: 

Suppose we measure FM noise in a one-kc band- 
width centered 10 KC from the carrier and find 
the noise power is 100 db below the carrier 
power, 

Then: 100 = 20 log 10 . 1 ? . .liL 0 00 

AF 

solving this, 

AF =0.2 cycles peak deviation. 


Consequently, the measured noise power would 
be the same as the power in one of the first- 
order sidebands which would be generated by 
intentionally modulating the carrier at a fre- 
quency (f^Jof 10 kc to a peak deviation of 0.2 
cycles. Under these conditions, we would say 
the "rms frequency deviation was 0.14 the 
cycles per second” (0.2 x .707). 

A point to remember is that the power in only 
one of the two first-order sidebands generated 
by an intentional modulation has been con- 
sidered. This factor may require a correction of 
3 db (to include the other sideband), depending 
upon the actual measurement technique being 
used. So much for definitions. 

Typically, a reflex klystron designed for low 
noise use, and operated on "quiet” power sup- 
plies will have an AM noise about 100-110 db 
below the carrier at one-KC removed from the 
carrier. This noise falls off to 110-120 db at 
10 KC from the carrier, and is down to 120-130 
db at 50 ICC from the carrier. The FM "rms de- 
viation” will be about 10-30 cycles at one KC 
from the carrier. It falls off gradually to about 
1/2 to 1/3 of these values at 50 KC from the 
carrier. The above numbers are for a one-KC 
bandwidth, a quiet environment, and power sup- 
plies which have negligible "noise” in their 
output voltages at frequencies above one-KC. 
A typical "quiet” reflex klystron supply has 
peak-to-peak ripple of less than 500 microvolts, 
negligible voltage spikes due to switching 
transients, and less than 20 microvolts rms of 
white-noise voltage (per kilocycle bandwidth) 
in the beam and reflector voltage outputs. 

Tubes vary greatly in their performance under 
vibration conditions, depending on the indivi- 
dual tube design and the vibration frequency and 
amplitude. Consequently, no "typical” data 
can be given. Reflex klystrons must be well 
isolated from variations in rf load impedance 
when shaken or the results will be hard to 
duplicate. 

Vartan has been very active in developing equip- 
ment for measuring very small AM and FM noise 
powers close to the carrier. Several different sys- 
tems are available — the complexity in general 
being directly related to the minimum noise to be 
measured. At the present time equipment has 
been built and used which will measure AM 
noise in a I-KC band, in the spectrum from 1-KC 
out, to levels of 130 db below the carrier. This 
equipment will measure FM noise, in the same 
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bandwidth and spectrum, having an "rms de- 
viation” as low as 0.05 cycles per second. In 
the spectrum from the carrier to 1-KC removed 
one can measure comparable AM and FM noise 
using a narrower bandwidth. Of course, the same 
equipment will also measure discrete ''lines” 
having comparable energy content. Built-in 
calibration is provided for both AM and FM. 
While this equipment is much too complex to 
discuss here, inquiries are invited regarding 
specific noise measurement problems. 


Varian has also been active in developing ex- 
tremely "quiet” power supplies foT both re- 
flex klystrons and klystron power amplifiers. 
These supplies feature dc heaters and very low 
ripple and "noise” in the beam and reflector 
voltage outputs. These are "special” units 
rather that catalog items because they r.iust 
usually be tailored for the individual application. 
Inquiries are invited on these supplies. 

* * * * * 
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MODULATION OF KLYSTRON AMPLIFIERS 
DUE TO RIPPLE ON THE BEAM SUPPLY 


INTRODUCTION 

One of the many questions confronting the designer of a complete 
klystron amplifier is the degree of filtering that will be required 
in the high voltage beam power supply. Faced by the cost of filter 
inductances and condensers on one hand and by system specifica- 
tions that must be met on the other hand, the designer must know 
what degree of ripple voltage can be tolerated. 

The mechanism of the production of amplitude modulated (AM) and 
frequency modulated (FM) sidebands is readily understandable 
and equations will be derived that will enable the designer to com- 
pute the level of unwanted sidebands for known ripple volt- 
ages, or conversely, with a specified maximum level of sidebands, 
to compute the ripple voltage that can be tolerated. 

1. AMPLITUDE MODULATION 










* 

j # 



Let us first consider the subject of generation of unwanted AM sidebands due to power 
supply ripple. Suppose we consider the case where the dc beam power supply has a 
fairly sizable amount of ripple due to insufficient filtering; let us assume that this 
ripple is occurring at a frequency of 360 cycles. What this means, of course, is that 
the beam voltage is being modulated so that it is first somewhat larger, and then some- 
what smaller, than the average level. This modulation is occurring at the 360-oycle 
rate. Now remember that this beam voltage is being applied to the klystron, and it is 
causing electrons to flow through the klystron tube. When the beam voltage is higher 
than the average level (due to the ripple component) more electrons will be drawn 
from the cathode and accelerated through the tube. Furthermore, these electrons will 
be going somewhat ’Taster" than the average, due to the higher beam voltage. There- 
fore, the electron beam has more energy than it has on the average. Another way of 
stating this is that the beam supply is delivering more power to the tube, than it does 
on the average. If we put more dc power into the tube, it is logical to expect that we 
will get more rf power out of the tube. Conversely, when the power supply ripple is 
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causing the beam voltage to be lower than average, we will be putting less de power 
into the tube than we do on the average; and we would expect the rf power to be less- 
than-average during this time. Therefore, it is logical to assume that the rf output 
would be amplitude-modulated, at the same rate as the beam voltage is being amplitude- 
modulated by the ripple. When we make measurements on a tube we find, indeed, that 
this is the case. Fortunately, this is an easy case to compute theoretically and the 
equation will be derived showing how large the amplitude-modulation sidebands will be 
(relative to the carrier) for a certain percentage beam ripple. 

For the purpose of this derivation, we will make the reasonable assumption that the 
efficiency of the klystron will remain constant with the minor changes in beam voltage 
under consideration. 

We v/ill use the following notation: 

V q = dc beam voltage, in volts 

AV q = beam voltage ripple, (peak-to-zero) 

f = frequency of ripple component, in cycles per second 
m 

I = dc beam current, in amperes 

K - perveance of electron beam 

7] = klystron amplifier efficiency (rf power output/dc 
power input) 

E - voltage amplitude of rf output signal (peak-to-zero) 

AE - change in rf envelope (peak-to-zero) 
f - rf frequency 
G = conductance of the rf load 
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The rf output from the klystron will be some function of the beam voltage, as sketched 
below. 


RF 

Voltage 


E [ 


Time 



Beam Voltage 


Time 


EFFECT OF BEAM RIPPLE AS A FUNCTION OF TIME 


E is some function of V q ; assuming AV Q to be small, then: 


AE -*7“ * AV . 
dV o 
o 


Now, in a klystron operating with a space-charge limited beam, 

I - KV 3/2 , 
o o 

and the dc input power is: 


P, =VI = KV . 
de oo o 


The rf power output is: 


P rf - i G^=,P dc = ,KV o = 
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Then 


E = V 5/4 


dE _5 /2 ttK y 1/4 

dV “4 V G o 
o * 


Dividing (2) by 2E, and substituting (6) and (7) gives: 


AV / AV ■ AV 

AE dE o 5 /2 t?K 1/4 o _5 o 

2E”dV 2E ‘4 V G o- ' 8 V * 

° " 2 , /if v ./« 

V G o 


Substituting (8) in 1(1), the ratio of power in the carrier to the power in one sideband in 
db is: 


P~ (db > - 20 log io f^T 
1SB o 


where AV Q is peak-to-zero ripple voltage. If AV Q is in rms terms, (9) becomes: 


F7T < db > = 20 lo s 10 5 - 20 log io !• 132 • (10 > 


To solve for the ratio of power in the carrier to the power in both AM sidebands, 
(9) becomes: 


(db) 20 Iog io 5 n/ 2 AV (peak) 


8 v 0 r 

5 n/ 2 AV„{peak) = 20 log io 1 * 132 &V (peak) * 
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Let us consider a typical case of a klystron operating at a beam voltage of 20, 000 
volts, and having a peak-to-zero ripple of 10 volts, at a ripple frequency of 360 cycles. 
Then: 


P 

o 

p 

2SB 


(db) = 20 log io 



= 67 db . 


Therefore the sum of the power in both sidebands is 67 db below the power in the 
carrier; the individual sidebands are 70 db below carrier level and are located at 
f + 360 cycles. 

From the same equation it follows that if the equipment specifications require the 
sideband power to be 77 db below carrier at each of the sideband frequencies, the 
peak-to-zero ripple must be held to 1 volt. 

In terms of rms ripple voltage (11) becomes: 

V 

o 

AV Q (rms) 


p (db) - 20 log 

2SB 


1. 132 


V 

o 

<s/2 AV Q (rms) 


— 20 log 


10 


0.8 


This equation is applicable for any ripple frequency appearing in the beam supply 
voltage, and for frequencies other than harmonics of the power source frequency; i.e, , 
any ripple components that might be introduced in a beam supply voltage regulator 
circuit. 


2. PHASE MODULATION 

Now let us consider an effect on the rf output of the klystron amplifier, which is called 
"incidental phase-modulation. ” Again let us consider the case where the beam voltage 
is being amplitude-modulated by 360-cycle ripple. Since the beam voltage varies 
above, and below, the average value, the electrons passing through the tube will 
either be going faster or slower than the average, depending on the instantaneous beam 
voltage level. The result is that some bunches of electrons reach the output cavity a 
little quicker than the average, while others reach the cavity a little slower than the 
average. The effect is to introduce phase modulation on the rf output, at a 360-cycle 
rate. Phase modulation causes sidebands, at frequencies removed from the carrier 
by the ripple voltage frequency. In general, only the "first order" sidebands are 
large enough to be meaningful. Fortunately, it is easy to compute the effect of ripple 
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voltage on phase modulation; and the measured resui-.» agree very well with the theo- 
retical computations. Again, we will use the following notation: 

V q = dc beam voltage, in volts 
AV q = beam voltage ripple (peak-to-zero) 

f = frequency of ripple component 

m 

9 - electrical length of the tube from input to output 
gap in radians (0 is about 30 radians for a three- 
cavity tube and 40 for a four-cavity tube) 

L = physical length of tube, between input and output 
gaps, in cm 

N “ electrical length of tube in cycles 

T = transit time of electron stream, between input and 
output gap, in seconds 

A 6 = peak change of rf phase (due to AV o ), in radians 

AF = peak change of rf frequency, due to AV^ 

In a simple electron beam (neglecting relativistic effects), the electron velocity is: 


v = * 10? y/\ = k i v^o ’ cm/sec <13) 


and 


T = 


L 

v 



, seconds ; 


(14) 


0 = 27rN 


(15) 


* 


and 


f T 
o 



( 16 ) 
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Therefore, 


Substituting (14) in (17) gives: 


0 - 2tt£ T . 
o 


6 = 


2 tt f k 


o z 



k V - 1/2 
3 O 


(17) 


(18) 


Taking the derivative with respect to V Q we obtain 

~ k V " 3/2 AV 
2 3 0 o 


(19) 


Now divide (19) by (18), and drop the negative sign for convenience, since this simply 
says that the effective frequency is increased by an increasing beam voltage: 


Afl 

0 


, k V - 3/2 AV , AV 

1 ^ 3 o o _ 1 _ o 

2 k V ~ 1/2 ” 2 V 

3 0 O 


( 20 ) 


This allows the designer to compute the output phase change (AO) relative to the average 
phase, with a given amount of beam voltage ripple. This is frequently called the "phase 
pushing" factor and after conversion from radians to electrical degrees, is often ex- 
pressed in "degrees per volt. " 

As an example, let us consider a fairly typical 10-kW CW output tube having a 0 of 
40 radians, operating at 15 KV: From (20) we obtain 


Ap _ e 

AV 2V 
o o 


Since one radian = 57. 3° 


AO 

AV 

o 


= 0. 076° /volt ripple . 


When solving the above equation for pushing factor it must be remembered that both 
AV 0 and A 0 must be consistent, either both peak or both rms values. Now, by the 
definition of phase and frequency modulation: 


Modulation Index = Ao = 


AF 


m 


( 21 ) 
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Substituting (21) in (20) gives: 

AV 

AF = f r ~~ . (22) 

m 2 V v ' 

o 

Equation (22) gives the peak frequency change in the rf frequency, when the beam volt- 
age has a peak ripple of AV Q volts at the ripple frequency, f m . 

The same equation applies if AF and AV Q are both in rms units. 

Since this equation is for a phase-modulated rf signal, the spectrum will show side- 
bands at all multiples of the modulation frequency, f m , as sketched below: 


J q (A0) 


J (A0) 


J (A 9) 


M A0 > 




J 2 (A0) 


J 3 (A0) 


f -3f f -2f f -f 

o m o m o m 


f +f f +2f f +3f 

o m o m o m 


SPECTRUM OF PHASE- MODULATED SIGNAL 


J q (A 0), J (A0), etc., are the carrier and sideband amplitudes, where the "J" terms 
are the usual Bessel functions of the modulation index. 

Now, if the modulation index (Ad) is small, as will usually be the case if the ripple 
voltage is small, the carrier w ' 11 be 


J (A0) * 1.0 , 
o 
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and the first-order sideband 


AO AF 

V^)-T s i r 


(23) 


m 


The second and higher order sidebands will be negligible. Then, the ratio of the 
carrier power to the power in one of the first-order sidebands is; 


(db) = 20 log 


1SB 


10 


J (AO) 
o v ' 




2f 


m 

= 20 log -rzr T" 

®io AF(peak 


(24) 


It is sometimes convenient to work in rms terms, instead of peak. Under these cir- 
cumstances, (24) becomes: 


p < db > ^ 20 lQ g 10 

1SB 


2f 


m 


\I2 AF(rms) 


= 20 log 


10 


n/ 2 f 


m 


AF(rms) 


(25) 


Also: The ratio of the power in the carrier to the power in both first-order sidebands 
is: 


P 

^b) = 20 log io 


2f 

m 

n J2 AF(peak) 


= 20 log 


r-jsf ■ 

m 

AF(peak) 


or, in rms units: 


(26) 


P 


(db) = 20 log 


2SB 


ic 


•n/ 2 f 


m 


n/ 2 AF(rms) 


= 20 log 


10 


m 


AF(rms) 


(27) 


Substituting (22) in (26) gives: 


p (db) s 20 lo S lQ 

2SB 


2\J2 V 


0AV Q (peak) 


= 20 log 


10 


2V 


0AV Q (rms) 


(28) 
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Equation (28) gives the ratio of the power in the carrier to the power in both first- 
order sidebands in terms of the rms ripple voltage on the beam supply, when the 
ripple is small relative to the total beam voltage. The formula applies to each of the 
ripple-voltage frequencies (f m ), and is useful when the ripple voltage has been wave- 
analyzed to determine the magnitude of the ripple components at each of the ripple 
frequencies. 

Let us use the same parameters given in the previous example for AM sideband power: 

V = 20, 000 volts 
o 

AV = 10 volts, peak-to-zero ripple 
o 

f = 360 cycles 

6 = 40 radians (assuming a four-cavity amplifier) 

Solving (20) for A 9 gives: 

Aa "f vf : - (t)(m?5oo) - °- 01 radianB 

= 0. 01 x 57.3°- 0. 573° = peak phase excursion, 


Solving (21) results in: 


AF = Aflf - 0. 01(360) = 3,6 cycles = peak frequency deviation . 
m 


Solving Equation (28): 


P 

-5- (db> = 20 log 
2SB 


( 

A 


2.828 x 20, 000 


40 x 10 


= 43 db . 


Consequently the sum of the power in both first-order phase- modulation sidebands is 
43 db below the power of the carrier. The power in each of the first-order sidebands 
is 46 db below the carrier and the sidebands will be located at f Q ± 360 cycles. By 
phase -modulation theory we know that the. * will also be sidebands at f Q ± 720, 
f Q i 1080, cycles etc. However the power in these sidebands will be very low com- 
pared to the power in the carrier and the power in the first-order sidebands. 


